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iNTRODUCTIOir 


This volume contair^ a description of the costing approach} metho- 
dology and rationale used in the development of costs for the 3jES studyj 
together with a complete presentation of cost related information for the 
recommended propulsion approach, selected in Task 6. The presentation 
includes : 

9 The Costing Approach, Methodology and Rationale 
« Summary Cost Presentation 
» Cost Estimate by WBS Element 
9 Technical Characteristics Data 
0 Total Program Funding Schedules 
9 Detailed Coat Information by Elements of Cost 
In addition, three Appendices are included: 
o WBS Dictionary 
9 Task 2 Cost Data 
& Scenario and Stage Cost Data 

In order to present an organised narrative, certain parts of previous volumes 
have been reproduced for inclusion in Volume V. 

The report is contained in five volumes and organized as follows: 


VOLUME 

I 

II 


III 


IV 


TASKS 

1 

2 

3 

. 4 

5 

6 
7 


)L_ 


COMIBMIS 

Executive Summary 
Requirements Definition 
Candidate Propulsion Modes 
Conceptual Design 
Interface Analysis 
Ground and Plight Operations 
Cost Benefit iinalysis 
Recommendations 

Program Study Cost Elements | 


A listing of references applicable throughout the report is included at the 
end of each volume. 
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1.0 COSTING APPROACH, METHODOLOGY AND RATIONALE 

This section includes the costing groundrules and aasumptionB , 
methodology, work "breakdown structure and cost estimating criteria used in 
the development of costs for the LES study. 

1.1 COSTING GROUNDRULES AND ASSUMmONS 

A description of the costing groundrules and assvsiptions as they 
apply to schedule, the philosophy for testing, spares control and operations, 
and the management approach, is presented in this part, 

1.1.1 SchediLle of Launch Recmirements by Recommended Approach 

Launch requirements for the recommended propulsion approach were 
determined "by selection of the most logical launch mode for each identifiQ"ble 
payload mission from within the available stage sizes. Table 7-XIV of Volume 
IV shows the launch mode and quantity for each selected stage. The selected 
stages are a mix of new and existing/planned vehicles beat suited for placing 
the payloads in their intended orbits. The next step was to determine the 
launch schedule for all payloads within the limits of the LES study. The LES 
Mission Model Summary of Volume III, Table 4-1 V, shows 129 total payloads 
within the time frame 1980-1991* In order to match the launch requirements 
to the recommended launch mode, reference to the LES Payload Model is required. 
The payload identification numbers, which have been matched to a selected 
launch mode, are identified in the LES Payload Model (Volume IV, Table 4-11) 
by year of launch. The cost siimmaiy for Scenario C-2, shown in paragraph 2,0, 
gives the results of payload and lavmch mode matching. The 129 payloads are 
launched by the propulsion approach indicated, with approximately 80^ dispatch- 
ed. by the modular bipropellant system, 

1.1.2 Test Philosophy 

The basic test philosophy for LES was to verify components ond 
system performance requirements in as near flight configuration as possible. 
Acceptance level tests were assumed to be performed followed by environmental 
and functional testing. Demonstration of separation system, deployment 
mechanism and all interfaces, where practical, was performed. LES was not 
disassembled at the field site therefore factory verification of systemD re- 
main validated. SHmctional verification testing was concentrated at the 
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factory thereby jninimizing testing at the latmch site. ®iis reduction in 
overall processing time at the launch s3.be was achieved throng elimination 
of unnecessary redundant testing. Operations at the launch site facilities 
included receiving j inspection* assemhly and interface tests with the cradle 
assembly and payload, Orhiter support' Interface tests, range and status veri- 
fications. Standard operating and test procedures were used hoth at the 
factory and field site. 5he g,uantities of test hardware were included on the 
Scenario Kon-Recurring DDT&E pages [Data Form A] at level 5 for all LES pro- 
duction systems. These pages are included in Appendix C. A coiiqolete dis- 
cussion of test requirements is contained in Volume III, paragraph 6.1. 

1.1.3 Spares Philosophy 

The "basis of the spares philosophy is contained in the following 

asBuinptions : 

e The spares program was controlled at the factory. 

9 Spares requirements were updated periodically as 
determined "by program usage. 

® Accountability of spares was on a periodic basis. 

9 Maximum usage of government supplies was accom- 
plished from local supply organizations, 
s Minimum vehicle spares at the field site with 
vehicle spares shipped with each LES. 

For the purposes of this study, past programs were used to identify percentages 
of spares/repair requirements on a per unit operational cost. Spares were 
estimated separately for the categories of replacement spares, modifications/ 
repairs, and packing and crating es^ense. The spares and logistics adminis- 
tration cost has been included under WBS element 10-0401. 

1,1. i{- Management Approach 

Personnel placed in management authority have sole assignment 
and singular responsibility to the LES program. Lines of communication to 
contractor iiumagement were clearly defined with contractor management lending 
full support, to the program. Management cost estimates assume the operation 
of a small Project Management Office during the entire period of the LES 
program. During the DDT&E phase of the program, p 3 Toject management costs 
were estimated independently for each system as related to management levels 


on previous programs. Because of the extended nature of the LES program and 
the lo\f level of production, it was decided to assume intennittaat production 
periods in order to reduce overhead expenditures to more efficient levels. 

1.1.5 Operations Philosophy 

Operational procedures were tailored to provide an efficiently 
controlled processing and laimch preparation capability. The following 
featiiifes established the operations philosophy for the LES program; 

m Verification testing concentrated at the factory, 
minimizing testing and support eg.uipment at the 
launch site. 

m Mo disassembly of LES at launch site with excep" 
tion of the structure hardware and plumbing re- 
quired to install preserviced propellant tanks, 
ft Propellant tsnks were shipped separately from 
the vendor to the field site. The tanks were 
preserviced and sealed with a 100 ^ or 505 ? 
propellant load as required by the scheduled 
mission. 

o MLnirnum buildup and assembly of equipment at 
the field site. 

o Verification testing minimized at the launch site, 
o Support equipment maintained in ready status by 
permanently assigned field crews, 
o Sufficient support equipment were assigned and lo- 
cated at each field site to meet vehicle processing 
requirements . 

o Provision for a full system of Standard Operating 
and Maintenance procedures with a system for changes 
and improvements . 

o A cadre mix of skills assigned to the field site that 
have capability to accomplish all necessary process- 
ing and preventive maintenance, 
o Engineering and Technical support made available to 
field site from the contractors facility for process- 
ing problems and advice. 

o Initial training and periodic recertification of tech- 
nicians with full participation of engineering. 
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Operational costs ifere made up of those elements which recur per launch and 
those costs -which are constant and applied on an annual "basis at each launch 
site. The users charge is an element of operational cost which is stage, 
payload and mission dependent and therefore does not continuously recur as 
other operational costs. It is therefore shown as a separate entry on the 
scenario summary page. Most operations costs are for personnel eaipense, 
hence the basic philosophy has been to concentrate on personnel req.mrements 
and typical operations overheads. Operational eq.uipments were considered to 
be a part of DET&E cost and have been estimated independently by equipment 
reqmrement, then summed to provide a full complement cost. 

1.2 COSTING METHODOLOGY 

A description of the costing methodology as it applies to exist- 
ing/planned systems and their adaptations, new design approaches, parametric 
applications, vendor quotations and the applicability of the detailed costing 
approach, is included in this part, 

1.2.1 Existing/Planned Systems 

The costs cf existing/planned propulsion systems considered in 
the LES study were obtained from NASA documents or from cognizant NASA per- 
sonnel. 

1.2. 1.1 Untegral QMS and QMS Kits Costs - In addition to the Shuttle 
shared- flight charge, an additional charge is planned for Orbiter delivery 
of a payload to a non-standard orbit altitude 5 i.e., other than 296 Km 
(160 nm) . An estimated charge of $0.2M for this service, used in the study, 
was obtained from cognizant NASA Headquarters personnel. In addition to the 
Shuttle shared- flight charge there are optional flight system charges for 
OMS kits. Kiese charges, use cost and serial impact cost, are from Reference 
32 and are summarized in Table I along with dimensions and mass necessary 
to compute shared-flight charge, 

1.2. 1.2 Teleoperator Retrieval System Costs - TSS development costs and 
the cost of the TRS were considered funded by the Ekylab Boost Program. This 
TBS "was considered to be used at ETR. Ttro additional TBS with ASE were assumed 
purchased at each in 1977$ (iu accordance with Reference 50 ) one in 1982 
for use at WTR and one in 1983 as a backup. All three TRS are considered 
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TABLE I 


HUMBER 
OF KITS 


EXISTIHG/PLAMED SYSTEMS COSTS 


1977 DOLLARS 


ORBITER MAHEUYERIHG SUBSYSTEM KIT COSTS 


LENGTH 
m (ft) 


MASS USE COST SERIAL IMPACT 

Kg (IB) 1977 $ TIME-HR C0ST-1977$ 


2.745 (9) 7401 ( 16302 ) 266 , 

2.745 (9) 13379 (29468) 532 , 

2.745 (9) 19537 (43033) 798 , 


295 

20 

333,580 

590 

64 

1 , 067,456 

858 

108 

1,801,332 


TELBOPERATOR 

RETRIEVAL & REFURBISHMENT COSTS 


Retrieval Cost 
Refurbishmerit Cost 


2 TANK 4 TANK 

$0.364m $0 ,364m 

0.175M O. 25 OM 


MULTI^MISSIOH MODULAR SPACECRAFT PM-II COSTS 


PM-II Production Cost $0.977M 


SCOUT EXPENDABLE LAUNCH VEHICLE COSTS 


UTR Launch $3.817M 

San Marco Launch 4.817M 

Additional Cost for 
a fifth stage is: 


0 . 500 M 


available for uses other than the low energy payload program. Retrieval 
costs {References 23 and 32) and refurbishment costa for the TES (Reference 
22) are included in Table I. Unit, annual and launch site dependent 
Operations costs used for TRS are the same as those used for other low energy 
stage candidates (Volume IV, paragraph T-2.3.3.). 

1.2, 1,3 Multimission tfodular Spacecraft PM-II Costs - PM-II and AfJE 
development costs were considered funded by the MMS program. The expendable 
PM-II production cost used in the study was taken from Reference 51 and is 
included in Table I, Unit, annual and launch site dependent operations 
costs used for PM-II are the same as those used for other low energy stage 
candidates . 

1.2,1, if. Scout Expendable Launch Vehicle Costs - The costs of the four- 

stage Scout launch vehicle used in the study, taken from Reference 52 are 
included in Table I. Annual program maintenance costs (Reference 52) which 
include all Scout program costs other than the unit costs are $4.8llM in 
1977$- 

1.2.2 Adaptations of Existing/Planned Systems 

The Booster Stages developed in Task 2 were screened to eliminate 
al], except the SSUS-A and SSUS-D adpatations. These boosters were con- 
sidered purchased as comiplete assemblies, and delivered directly to the laiaich 
site preparation area for joining with the Delivery Stage. The details of 
use for these boosters is contained in Reference 39. Costs for SSUS-A and 
SSUS-D were obtained from Mr. M. J. Schmidt by telecon on 5 April 1978 
(Reference 53). These estimates were given in 1975 dollars as (not to exceed) 
costs to launch using (l) SSUS-D - $2M, and (2) SSUS-A - $3M. These costs 
were adjusted to 1977 dollars using the same projection factor criteria as 
used earlier for the Shuttle Users Charge, in Volume IV, paragraph 7.2. 3. 3. 
Costs were calculated to be: (l) SSUS-D $2.426 m, and (2) SSUS-A $3.639M. 

These costs include SSUS/LES integration and special services, as well as 
the stage cost. Special services refer to Baseline Mission Analj'^tis and 
Services including hardware acceptance testing, hardware pre-ship review, 
mission readiness, safety analysis, motor target adjust analysis, laimch 
preparation documents, launch site operations, post-flight analysis, support 
of the launch site, program management, scheduling, countdown procedure in- 
puts and component teuperature review. 
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Additional mission specific analyses and senrices charges were 
included for launch applications using the SSUS-A or D alone as the delivery 
stage. Mission specific analyses and services consist of; (1) mission oriented 
analyses such as dynamic stability analysis and thermal analysis, (2) launch 
oriented services such as spacecraft integration and launch realtime support. 
®iese chaarges, in 1977 dollars, are in addition to baseline charges and were 
estimated for SSUS-A or D to be; 

a Mission Oriented Analyses - $*75M 
a Launch Oriented Services - $.^5M 

1.2.3 Mew Lesign Approaches 

Production Costs - Production costs are a composite of recurring 
material, production (manufacturing) labor and quality control coverage, 
together with production (sustaining) engineering* All production costs were 
derived with appropriate additions for general administrative overhead and 
profit margins added to each item at the subsystem level 5, to give selling 
prices. Costs are sho^m in 1977 calendar year dollars. The basic approach 
used in the development of production costs was an extension of the methods 
used to develop costs in Task 2. The primary difference being the greater 
amount of configuration definition and specific knowledge of the design 
available in this phase of the study, and the reduced number of configurations 
subject to review. The greater amount of time available to study each con- 
figuration enabled a more comprehensive evaluation of each propulsion ap- 
proach. Selected subsystems of the low energy stage were analyzed by detail 
estimate. Those given foremost attention were the high cost areas, such as 
the propulsion subsystem and electronic equipment. Equipment lists were 
composed for these selected parts of the LES in Task 2 as a detail check on 
the accuracy of the parametric estimates. These equipment lists were re- 
viewed for structural and electronic integration and test characteristics. 

Each coniponent was assigned an integration value rating based on its relative 
integration complexity. These data, together with physical information for 
subsystem conponents provided the basis for installation cost estimates, by 
means of the Mechanized Cost Evaluation Methodology (MCEM). These labor 
estimates were then spot checked for accuracy by con^arison »'ith independently 
derived manufacturing estimates , 
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The material and manufacturing labor cost for each subsystem was 
then processed throTJigh a MCEM subroutine, described in Volume II, paragraph 
3.3.1s to develop subsystem complexity factors for design and manufacturing. 
These data were directly compared with other complexity factors developed for 
a wide array of similar product groups. The RCA PRICE system data bank con- 
tains an extensive catalog of complexity factor data which has been derived 
during thirteen (l3) years of system use and reflects many thousands of cost 
studies. Virtually every type of hardware component and system has been 
cataloged and is available for comparisons of this type. Once consistent 
correlations are obtained, and variations from the norm explained, the basic 
data is authenticated for further use and filed in this company’s data banks. 
All production costs for new design configurations were based on cumulative 
average for 103 units, produced in five lots over a ten (lO) year period, 
assuming 20-21 items per lot. A development of this rationale is contained 
in Volume II, paragraph 3.3.2. Production quantities for the new design 
configuration portion of Task 6 scenarios, ranged from Y8 items to 112 items, 
with the preponderance being at the larger quantity. A weighted average of 
all scenario configurations studied gives approximately lOT items, however, 
the lowest cost scenarios were C-1 and C-2, both of which used the 103 new 
design quantity. For this reason a 103 item quantity was selected as the 
typical near average production quantity for the comparison study. 

Development Costs - Actions during Task 2 were directed at 
establishing the LES vehicle subsystem recurring costs and relating them 
in tezms of relative complexity to other similar subsystems in the historical 
data file. Placing the subsystem in this context was important because it 
established a frame of reference where not only recurring production costs 
were comparable, but non-recurring design, development, test and evaluation 
costs could be compared as well. In essence, considerable effort was expended 
by detail cost buildup and repeated comparison to develop an accurate produc- 
tion cost, and to place it in context with other similar assemblies or sub- 
systems verifying its relative complexity. By confirming its correct relative 
complexity, the more difficult problem of estimating the DDT&E costs was 
simplified. 

Based on the subsystem descriptive parameters, and other data 
described in Volume II, paragraph 3.3.1, and the developed complexity factors. 
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it vas then possible to predict the DDT&E cost for new designs within reason- 
able accuracy. All DDT&E cost was developed to include separate estimates 
for design and drafting j systems engineerings project management, data, 
tooling/test eq,uipment, and prototype buildup. The final step in estimation 
of development costs was the leview by technical specialists in each area of 
responsibility, This review was a personal comparison of the MCEM subroutine 
results with personal and historic data available to the specialist. Dif- 
ferences in data were subsequently resolved before the costs were used in the 
study. At this time the costs represented separate configmrations, as if 
each configuration were developed as a separate program. The configuration 
costs were then integrated with associated configurations to develop scenario 
cost as defined in Volume IV, paragraph 7,^.2. Integration of configuration 
costs to develop scenario costs was primarily a process of developing common- 
ality of design. Substantial commonality existed between configurations of 
type. For example, the new design portion of Scenario C-2 consisted of a 
set of modular bipropellant configurations of four and ei^t (8) tank 

design, for both horizontal and vertical installations. These designs were 
essentially common and would be produced on a single production line, where 
the effects of '^learning" were maximized. This situation can be compared to 
an automotive production line where a certain size automobile is produced 
having minor differences in accessories and subsystems. Costs developed were 
based on a quantity buy of 103 units during a 10 year period. Five production 
lots were assumed of 20 to 21 units per lot. The 103 units were based on the 
requirements of the mission model (Volme III, Table t-IV) after allowance 
for direct Shuttle delivery, (l6) and Scout BILV launches, (lO) . The average 
useage of 20 to 21 every two years also came from the model. A typical 
modular propulsion approach (the bipropellant) required 7^ 4-tank horizontal 
versions, 13 8-tank horizontal versions, and l4 4-tank vertical versions. 

These were used to make the 103 payload deliveries. Because of the modular 
approach the production cost of each version was based on the learning as- 
sociated with the production of 103 units as shown in Table II. 

The DDT&E cost was substantially reduced from the overall total 
by omission of common costs, but was significantly greater than that cost for 
any given version. 
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T. 


PRODUCTIOU COST OP MODULAR BIPROPELLAWT CONFIGURATION - TYPICAL 


8 TANK 
VERSION 

4 TANK 
VERSION 

4 TANK 

VERTICAL 

VERSION 

TOTAL 

QUANTITY 

COSTED 

13 

76 

14 

103 


Component s 


Number Required 


Propulsion System 
Thruster 

Propellant, Press. Unit 
Other (Note 1} 

Guidance System 

Reaction Control 
Thruster 
Other {Note 1) 


Telemetry System 

Electrical Power System 
Other (Note 1) 


Ignition System 


Structure 

Basic Core 

Taiik Support Modules for 
Inboard & Outboard Tanks 


Integration 


Same 

Components 

And 

Same 

Unit 

Costs 
Used For 

All 

Versions Except 
as Noted 


103 Sets 
103 Units 
Units^ 

103 Sets 

103 Sets 
103 Sets 

103 Sets, Itl^ Units 
103 Sets 


103 Sets 

103 Sets 
103 Sets 

103 Sets 


103 Sets 
103 Units 

Sets, Units 

Note (2) 


NOTE (l): The modular versions are the same except for plumbing, 

wiring harness lengths and thermal protection provisions. 
Unit co?ts of ccHQponents varied according to length and 
size for each version. 

(2): Integration cost was a function of system size and 

component quantity. 


( 

I 

( 


r 

I 

I 

i 

i 

I 

I 


r 



11 



Facilities - Studies to date have not developed a requirement 
for new or modifications to facilities, hence this cost categoiy has "been 
omitted. 

Aerospace Support Equipment - Development of the cost for Aero- 
space Support Equipment (ASE) presented a different problem from most other 
categories of the Low Energy Stage. The problem was that there were few 
other items which could serve as a fully adequate cost model. Initial effort 
was expended to collect current cost information for ASE items presently in 
design. Secondly, previous estimates of ASE for other programs were reviewed 
for applicability (similarity) to the design approach depicted in Volume III, 
paragraph 5.1» Lastly, a research of historical complexity data currently 
on file for other space structures of construction similarity was undertaken. 
The model of greatest similarity to the LES ASE was considered to be the ASE 
for the Multimission Modular Spacecraft (f.1MS), currently in design. Estimated 
(projected) costs for this design were given by Mr. Eobert 0. Bartlett, GSFC- 
MMS Systems Engineer, for the MMS retention system, payload positioning system 
and the FSS interface electronics (Reference 46). This information, together 
with collected pfaj-sical data (weight, volume, material, etc.) was evaluated 
by processing it by use of the MCEM. Complexity cost factors for (l) manu- 
facturing, (2) engineering design and (3) producibility were developed which, 
in turn, were ccm^ared with historical complexity data currently on file for 
other large space vehicle structures. In addition, a manufacturing detail 
estimate was prepared to serve as a third cost reference for ASE structures. 
The complexity results indicated the MMS ASE of highest manufacturing com- 
plexity (7.198), the space structures historical data as somewhat lower 
complexity (6.IOO) and the detail manufacturing estimate as falling between 
the two (6.579)* Design evaluation between the MMS-ASE design and the pre- 
sent LES ASE design showed LES ASE to be somewhat less complex and therefore 
logical in results on the low side. The manufacturing detail estimate 
complexity tended to closely confirm the historical data as applicable to 
the ASE, hence this historical data complexity was used as firm cost data 
and the most probable value . The relative complexity developed for the ASE 
cradle was then used to estimate DDT&E cost. These costs were subjected to 
a final review for validity by assigned technical specialists. 


ASE Avionics is composed of tlie SIG/Data Interface Unit, Power 
Control Unit, Deployment Mechanism Unit and associated cable harnesses. Ihe 
ASE Controls and Display category comprises the Control and Monitor Panel and 
IMbilical cable* All items of Avionics, Controls and Displays were estimated 
separately by ccmparison analysis of contents and application of the 
Mechanized Cost Evaluation Methodology (MCEM), Complexity factors were developed 
for each equipment item, based on overall size and total wei^t, electronics 
volume, structural weight, electronics density, equipment type (analog, 
digital, etc.), component type (semiconductors, integrated circuits, LSI, 
hybrid, etc.}, percentage new design, design redundancy, power dissipated, 
component count, and design and production schedule. The complexity factors 
developed were again compared with factors for similar equipments, as a check 
on credibility of data. DDT&E costs were derived by use of these data and 
were reviewed by technical specialists familiar with these equipments. 

By means of integration classification, values assigned to each 
equipment item and to the components of the modular-cradle, an integration 
DDT&E cost was derived for the total ASE package. 

Software - All software costs were developed by comparison pro- 
jection from, similar software selected for the Scout Phase VIII guidance system. 
The selecticsn of this system as a coat model is explained in Volume III, para- 
graph The cost of this system was based on actual expenditures to date 

and estimates to completion. The cost includes vendor teat software, contrac- 
tor test software and flight software. 

System Test and Evaluation - This category includes the cost to 
plan and perform integrated system level tests on the LES vehicle am perform 
major element Interface Tests. All test costs included here were derived by 
detail buildup and by comparison with previous programs. The primary costs 
included for the development sub-element are propulsion and structural tests. 
Qualification sub-element testing included here is for the propulsion system. 
Rationale for the structural testing is shown in Volume III, paragraph U.2.2. 

The propulsion testing discussion is contained in Volume III, paragraph 4.3* 
Additionally, the cost for a mockup of both delivery stage and ASE cradle was 
included as an evalmtion tool. Cost for the mockup was prepared by detail 
estimate. 


OperatioDS DIXP&E - One significant difference ‘between the cost- 
ing accomplished in Task 2 and the costs developed in Task 6 is the addition 
of DDT&E costs for the operations categories, WBS IO-80O Grouuad Support 
Equipment and 10-900 Ground Operations. Ground Support Equipment DDT&E cost 
is the non-recurring expense associated with the design and production of 
the category 80I test equipments and 802 handling devices required for field 
operations. Estijuation of costs in this area were accomplished for each 
equipment item hy comparison with similar equipment items from other programs. 
Scout equipments were the 'base comparison models in many areas. The Mechanized 
Cost Estimation ifethodology was again used to check the more costly elec-tronic 
and control devices. 

Operations Costs - Operations costs are those elements of recur- 
ring cost which are expended throughout the operational li.fe cycle of the 
system, which insure successful functioning of the system. The non-recurring 
costs associated with these operational elements Eire part of DDT&E cost for 
the system. Operational costs are made up of those elements which recur per 
launch, and those costs which are constant and applied on an annual "basis at 
each launch site. The operational costs which have "been derived for the LES 
Program ar*e shown on the Data Form A in Appendix C, with the exception of 
the Space Shuttle Users Charge. The User's Charge is stage, payload and mis- 
sion dependent and therefore does not continuously recur as other operational 
costs. It is shown as a separate entry on the final summaiy page (Data Form 
5). The "base price of a dedicated STS flight, to Civil Government users, 
was quoted as $l8 million in 19T5 dollars (Reference 1*9). This cost was then 
projected to mid-fiscal year 197T ty means of the BLS index escalation curve 
for Industry compensation per hpur. This Shuttle charge cost was calculated 
to "be $21.83l*M. The philosophy of Shuttle charge application is discussed 
in greater detail in "Volume I"V, paragraph 7 *2.1. 6. 

Operational costs were developed principally "by a detail estima- 
tion approi'ch. Field personnel requirements were estimated using the field 
processing flow defined in Volume III, Figure 6.1*, and the critical path re- 
quirements of "Volume III, Figure 6.5« These estimates were fully consistent 
with Scout experience, A discusssion of operational requirements and operat- 
ting procedures defining the groundrules and assumptions is contained in 
Volume 111, paragraph 6.1.6, All operational equipments were estimated by 
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Table III has been developed for all items subject to the MCEM estimating 
process. 

1 . 2.5 Detailed Approach Applicability 

As the initial screening of propulsion approaches was con^leted, 
the emphasis shifted to a more detailed evaluation of the remaining approaches. 
In this phase of the program concentrated effort was expended to increase the 
design definition and refine the costs. It was then possible to properly cost 
the operational areas > when quantities and types of equipments were set, and 
personnel allocations decided for system manning. The greater-detail then 
available made possible the cost '^shading” to distinguish minor cost variations, 
based on less significant variation in system complexity. In the final stage 
of the evaluation, total system cost assumed primary importance as the feasi- 
bility of carrying the selected design approach into an active status was 
examined, [The detailed costing approach was used sparingly in Task 2, more 
extensively in Task 6, and was applied primarily to production and operational 
costs. 

1.2.6 Vendor Quotations 

In Task 6, selected saibsystems of the low energy stage were ana- 
lyzed by detail estimate. Those given foremost attention were the hi^ cost 
areas, such as the propulsion subsystem and electronic equipment. Equipment 
lists were composed for these selected parts of the LES in Task 2 as a detail 
check on the accuracy of the parametric estimates. Equipment lists were re- 
fined as alternative vendor sources were investigated for selection of appli- 
cable equipment types. Budgetary quotations were then solicited for the 
foremost equipment items. Altemative quotations were requested when the first 
quotations received were considered questionable because of price or applica- 
tion. All quotations for ■ eqxiipment items were reviewed by technical specialists 
in comparison with accumulated historic data for similar hardware. Certain 
operational equipment items were priced by vendor quotation, as described in 
paragraph 1.2.3. 

1.3 WOBK BREAKDOWN STBUCTURE 

The included Work Breakdown Structure chart. Figure 1, is the 
standardized format which has been used to itemize costs for all propiilsion 
concepts. Each of the categories depicted on the chart are fully defined in 
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TABLE 1 1 1 


PRODUCT DESCRIPTORS. SET 
MECHANIZED COST EVALUATION METHODOLOGY 

GENERAL DAT A 

o Production Quantity 
o Prototype Quantity 
o Quantity/ System 
o Year of Estimate 
o Escalation Rate 
o Product Cla.^s (Reliability) 
o Markup Percentage (G&A and Fee) 

CLASSIFICATION DATA 
o Percentage New Design 
o Engineering Complexity* 
o Manufacturing Complexity /Producibility* 
o Applicable Learning Curve 
o % Structural/% Electronic 
o Percentage Redundancy 
o Integration Classification 

o Degree of change traffic, Project Management, Documentation, Systems 
Engineering, tools and test equipment (For items requiring special 
treatment) 

PHYSICAL DATA 

A. Structural/Mechanical B, Electronics 


o 

Structural weight 

o 

Electronics weight 

o 

Structux'al volume 

o 

Electronics volume 

o 

Material type 

o 

Equipment class (type) 

o 

Structural class 

o 

Sub -component technology 

o 

Fabrication type 


(type) 



o 

Component count 



o 

Dissipated power 


SCHEDULE DATA 

o Design Program Length 
o Test Program Length 
o Production Program Length 

^'Note: Item cost may be used, together with associated data to develop 
complexity data. 
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Appendix A. ^Ulie costs of all new configurations are itemized according to 
tKis format and c^ and Cv ^rhe costs for certain 

pinrchased stages, sucla as SSUS-A and SSUS-B have 1)6611 shown only to level 
"because of unavailatHity of detail data from the manufacturer. Table ■I'V", 

EES Program Cost ihg Elements, is a further su'bdiyision of WBS elements into 
Development (DDT.geE) Production and Operations phases for new stages, existing 
stages and adaptations to existing stages, and applies to the costing of 
Tasks 2 and 6, A limited version of the "WBS has been used in Task 2. It was 
used in its entirety in Task 6. Table IV indicates the level of costing 
: for the appropriate task. 

l.li COST ESTXMATIKG CBITERIA 

This part contains an explanation of the functional relationships 
and derived cost factors which apply to the cost estimating methodology, 

l.ll.l Functional Relationships 

In order to compare the array of propulsion approaches quickly 
with appropriate accuracy a Mechanized Cost Evaluation Methodology was used, 
with the necessary flexibility and attention to detail, to clearly reflect 
system, differences. The costing methodology utilized a work breakdown struc- 
ture (WBS) developed CLuite early in the LES study to assure consistent 
definition of propulsion system approaches, together with a complete summari- 
zation of configuration design differences to the subsystem level. The basic 
cost information used in the costing exercise included internal (company 
historic) cost data, vendor q.uotations, and other published report data. 
Solicitation of vendor quotations was necessary to more accurately measure 
the unique differences of competing designs, and to check the accuracy of cost 
records used in the study. The costing methodology? utilized a special checking 
feature, where input data -could be evaluated relative to existing cost models 
by means of developed complexity factors. By use of this feature, the rele- 
vance of cost data could be checked before use and verified for accuracy and 
commonality of costing assumptions. 

Costs were derived using a computerized parametric cost modeling 
methodology. This technique, known as the RCA PRICE (Programmed Review of 
Information for Costing and Evaluation) system, provides reliable estimates 
of system acquisition costs (development and production) during the conceptual 
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phase of a system development program. Its use permits rapid and timely cost 
evaluations, hased on variations in designs, performance schedules, reliability, 
economic escalations, etc. Since all estimates involve comparative evaluation 
of new requirements to analogous histories, irregardless of the estimating 
technique used, it is necessary to classify a new design in such parameters 
that it may he related to available basic data, The costang methodology uti- 
lizes configuration definitions •which are primarily the physical characteristics 
of the design concept. These include size, weight, type of componentry, com- 
ponent count, imterial type, power dissipation and construction type, as well 
as prototype and production quantities. In addition the methodology is sensi- 
tive to design and production schedule, learning (progress) curve, integration 
characteristics, design and manufacturing complexity, design redundancy, the 
degree of new design required, and fabrication method. One mode of this cost 
estimation methodology produces a estimation of design, manufacturing and 
producibllity congjlexity from physical, schedule and cost data. This mode was 
used in the cost exercise where the design being costed was of a unique nature 
with limited relationship to historical data. Vendor quotations were processed 
through this mode to establish credibility. Where complexity factors appeared 
inconsistent with historical data the credibility of the costs were questioned. 
In such cases, further evaluation was required before adjusted costs were used. 
The final step in the costing methodology was the review of subsystem costs by 
technical and cost specialists for consistency among similar subsystems on 
different propulsion approaches. Subsystems were costed independently, then 
combined to develop delivery stage or booster cost, which are again combined 
to develop the cost of a propulsion approach. 

The PRICE system has been structured with self-contained capability 
which permits it to gauge the relative applicability of each input empirical 
data reference set. An empirical data reference set can be characterized as 
that group of parametric values which defines a specific type of equipment. 

The variation of these parameters with cost in turn forms a set of Cost 

Estimating Relationships (CER^s). These empirical data sets are used to adjust 
the algorithms or CER’s of the PRICE program, to make them conform to the 
product categorization. In a sense they are used to "calibrate'* the PRIGS 
algorithms to the particular device of interest. PRICE uses the empirically- 
aligned algorithms to generate other /additional physical characteristics that 
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are representatiTe of the class of product heius examined. Ihe PRICE metho- 
dology has the huilt-in self-checking capability to minimize the chance of 
genCTating misleading outputs, and. provides a procedure for correcting the 
inputs -ffhen such cases occur. 

. Selection of an appropriate empirical data reference set is not 
always a si^le task for a new concept or approach. It req^uires familiar! tv 
with the product history, nature of the componentry, construction and problems, 
Qjhis faiidiiarity inciudes the capability of recognizing the need to make 
ad^ustmehts to the en^iricaO. data set to account for concept differences. 

The basic algorithms and cost estimating relationships used in 
the PRICE system are considered proprietary with RCA. Research in this area 
is generally costly and time consuming and forms the basis for protection of 
their data. PBICfB outputs result from the complex mathematical interplay be- 
tween two sets of input data. The first is the reference empirical data set 
previously discussed generated from historical experience data by a PRICE 
subroutine that defines the specific product in reference terms coii^arable 
with the PRICE system. The second is the new product descriptors set, a group 
of elemental costing data which PRICE is programmed to accept. The mathema- 
tical function '^iiich governs all PRICE cost confutations is F(K,MT/R) where 

M = measure of the work to he performed 

T = time (performance period) 

R = resources (capability, experience, know-how, etc.} 

K = specification profile 

For example, a greater volume of work done in an equivalent time 
with equal resources will result in higher cost. Whereas addition of more 
capability or resources will reduce costs. The K factor is in turn determined 
by the class of product as defined by the specification requirements. For 
various cost elements the M, T, R and K values have differing definitions, and 
for each cost element and each product class, the -variables and their mathe- 
matical interrelationships are different. Such modes are established, within 
the PRICE program, through use of derived experience parameters (enfirical 
data sets) , 

1.4.2 Cost Factors 

The PRICE system enploys a subroutine which generates empirical 
data sets (EDS) from cost experience data. Within each EDS are certain empirical 
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parget ers, or cost factors, 'Which, have significant relationship with product 
Cost. The most iinport ant of these cost factors are: 

• ; Man'ufacturing Complexity 

• Producibility 

• Engineering Complexity 
RCA publishes an extensive set of EDS references for a wide array of mechanical 
and electromechanical products. Each item in this reference is defined in 
physical terms, by component type, product class, system name and finally by 
the developed cost factor previously noted. Historical data ma3’' he processed 
through the noted subroutine in order to develop the aforementioned cost 
factors. In fact, the EGA EDS reference material was developed in this manner. 
\Jhen empirical reference data sets are developed for particular product groups, 
certain significant statistical consistencies will become obvious. Each pro- 
duct group data set will have apparent correlations, and individual differences 
will be readily associated with product design variations. Within each pro- 
duct group, the most significant empirical parameters will be found to differ 
very slightly. Based on a reasonable sample size, their variation will 
usually be less than l^fa of the mean value. These cost factors are extremely 
helpful in developing the cost for new design applications which have a basis 

of similarity with some identified EDS. 


SUMM&ET COST PKESEHTATION 


2.0 

The cost summary for the recommerLded propulsion approach. Scenario 
C-2, is shown in Table V. The Data Form 5 presents this summary and defines 
the propulsion approach configurations and quantities required for conpletion 
of the mission model. The Data Form A sheets of paragraph 3 provide a detailed 
breakdown, by WES category, for the new design portions of this summary. 
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TABLE -V 


DATA FORM 5 


SCEKAEIO C-2 COST SUMMARY 



NUMBER OF PAYLOADS 

16 

76 

13 

14 

10 „ . 


- ■ 


WBS 

NO. 

^^ 2 >*...^^^^Propul s i on 
ITEM 

INTEG 

QMS 

Modular 

4-Tank 

Roriz^ 

Biprop. 

Modular 
8 -Tank 
Horiz. 
Biprop , 

Modular 

4-Tank 

Biprop . 

Scout 


f 

NON 

RECUR 

COST 

■TOTAL 

COST 

1-D 

DDT&E 








26.1 

26.1 

1-P 

PRODUCTION 

0 

133.5 

27.8 

24.8 

0 




186.1 

1-0 

OPERATIONS - TOTAL 

283.7 

698,7 

166.0 

63.9 

57.6 




1 , 269.9 

(Supporting Costs) 

0 

(40.2 

(6.9) 

(7. -4: 

(14,4: 




*(68.9) 

(Shuttle Charge Total), 

('9R'l 71 

( 658 . 5 ] 

(159.11 

£56.^ 





- 1.15T.8 

• Payload Charge 

280.5 

532.4 

131.3 

18.1 



■ 


_ _^.62 ,3 

0 Stage Charge 


126.1 

27.8 

38.4 





192.3 

• Other Charges 

3.2 








' 3.2 

(Scout Launch Charge) 


— — M 




(43..21 

• 



_m-2i 


TOTAL COST 

283 . 7 

832.2 

193,8 

88.7 

57.6 



26.1 

1,.482J. 


ro 

os 


*Support1ng costs include: 

Annual Operations Cost 36,9 

Unit Operations Cost (23.6 + 4.0 + 4,3) 32,0 

Total 

Ul5 Kg Offloads Refer to paragraph. 4.7*1 of Voltime III 


Total Without Payload Charge 


519.8 
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• 3,0 COST ESTIMATE BY WES ELEMENT 

A cost ■breakdown, By WBS element, is included in this section 
for the recommended propulsion approach together with an explanation of the 
applicahle spread fimctions, learning index and launch milestone dates, 

3.1 ESTIMATES OE DATA K)RM A 

The detailed costs for the new design parts of the recommended 

propulsion approach. Scenario C-2, are shown in the Table VI. These Data 

Form A sheets provide detailed backup data by WES category for Eon-Eecurring, 

DDT&E, Operations and Production Costs. The WES level is indicated for each 

item and the number of prototype and production units, on which the costs are 

"based, is included. Estimates of elapse timies to design and develop (DDT&E) 

and produce each item are indicated as T^. The production time is for the 

first unit only. Suceeding production runs will tend to reduce this time. 

The lead time {T ) for each 'WES item is also indicated. This value is the 
s 

number of months from the start of cost accrual, for the initial item, to 
the launch milestone date. The elapsed times are different for DDT&E and 
production, for the same WES elements. The average unit costs for produc- 
tion items are based on a total of 103 new desi©a modular units contained 
in the Scenario. The conditions of production are explained in Volume II, 
paragraph 3.3.2. 

In addition cost estimates have been prepared for all considered 
scenarios, for three categories of cost; 

• DDTSeE 

• Operations 

• Production 

These costs are broken down to level ^ and 5 within each 
category in accordance with the terms of the study agreement. The results 
axe shown on Data Form S, and included in Appendix B for Task 2 combinations 
and Appendix C for Task 6 scenarios, of Volume V. DDT&E costs have been 
developed for each scenario and include the total development cost for the 
modular family of configurations contained within each scenario. Operations 
costs include elements of annual cost and cost per launch. For this reason 
the operations sheets show sub-element cost breakdo;m for each WES item in 
terms of cost/launch and annual cost. Additionally the annual cost in the 
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TABLE VI 
lES BASIC GOST DATA 
NON-RECURRING DDT&E 

SCENARIO NO. C-2 Pg. 1 of T 


WGS 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

NO. OF 

COSTS IN 1000’S OF $ 

Td 

T, 

PHOTOS 

TOTAL 1 

AVG. UNIT 

10-0100 

Project Management 

4 


§ 
j— 1 

K/A 

20 

33 









10-0200 

LES Vehicle 

4 

N/A 

(14.319) 

N/A 

22- 

33 

10-0201 

Vehicle Integration and Assembly 

5 






10-0210 

Booster Stage 

5 

'»W« 



— 

— 

10-0220 

Delivery Stage 

5 

1 

14,319 


20 

33 

10-0221 

Integration & Assembly-Delivery Stage 

5 

1 

T3? 


20 

33 

10-0222 

Structure and Mechanism 

5 

1 

2,241 


l6 

33 

10-0223 

Thermal System 

5 

1 

l6k 


6 

33 

10-022U 

Main Propulsion 

5 

Z / 

6,564 


20 

33 

10-0225 

Reaction Control System 

5 

2 

750 


20 

33 

10-0226 

Data Management & Communications 

5 

2 

19 


7 

9. 

10-022T 

Guidance Navigation and Control 

5 

2 

3,111 


12 

24 

10-0228 

Electrical Power System 

5 

2 

733 


18 

26 









10-0300 

Facilities 

4 

— 

— 


— 










10-0400 

LES Systems Engrg - LES/ASE Integr. 





N/A 

20 

33 














• 












I. — -I.,.,, — 











nATA FORM A 


m: 




IZZJl 




*(rtsrwiv«| 


piSA* 




t X 

I I 

|iA!!ftsmr^4 


|(=B=C»S4 




LE5 BASIC COST DATA 
NOH-RECUREING DDT&E 


DATA FORM A 

BCMAEIO HO. C-2 

Pfi. 2 of 7 


vms 

CODE 

1 

WBS inENTIFICATION 

1 

1 WBS 
1 LEVEL 

NO. OF 
UNITS 

10-0500 

Airborne Support Equipment 

mm 

3 

10-0501 

Integration and Test 

3 

3 

lQ-0502 

Structure and Mechanisms 

5 

3 

10-0503 

Avionics - ASE 

5 

3 

10-0504 

Controls and Displays 

5 

3 


10-0600 Software 


10-0700 

System Test and Evaluation 

10-0701 

Development 

10-0702 

Qualification 

10-0703 

Mock-ups 


10-0800 

Ground Support Equipment 

10-0801 

Checkout 

10-0802 

Handling/ Assembly /Servicing 


10-0900 

Ground Operations 

10-0901 

Logistics/Training 

10-0903 

Field Support 


COSTS IN 1000'S OF $ 




(5,3T1) N/A 



1 1 

(570) 

H/A 

■ 20 


12 

24 1 

12 

24 ’ 

12 

24 

10 ' 

15 




20 

26 

20 

26 

20. 

26 


12 

18 

12 

18 





































































































TABLE VI 
LES BASIC COST DATA 
FOR OPERATIONS 


data fohma scenarios C-1, C»2 


was 

CODE 

was IDENTIFICATION 

WBS 

LEVF.L 

— 

HO, OF 
UNITS 

...I,,, M. 1 .1 ■> ■■ 

COSTS IN TOGO'S OF $ 

Td 

's 

TOTAL 

AVG. UNIT 

20-0000 

Space Shuttle 

h3 

103 

N/A 

N/A 


• 

20-0100 

User’s Charge- Cost /Launch 

k 

103 

# 




20-0200 

Orbit er Integration - 








Cost /Launch 

k 

103 

(1,85^) 

Cl8) 











10-0100 

Project Management - 

- 







Annual Cost 

1* 

10 

(5,000) 

(500.0) 




Cost/Launch 



(13, 774) 

(133.7) 




System Engineering and Integration 

k 






BB 

Cost/ Launch 


103 

(14,781) 

(143.5) 




Annual Cost 


10 

(5,800) 

(580.0) 



lO-Oi^Ol 

LES Systems Engineering 

5 







Cost/Launch 


103 

11.2T9 

109.5 




Annual Cost 


10 

3.8oO 

380.0 



10-0402 

LES/ASE IntegratiOii 








Cost/Launch 

5 

103 

1,751 

IT.P 



10-0^03 

LES/Payload Integration 








Coat/Launch 

5 

103 

1,751 

17-0 


1 

i6-biibi;' 

Sustaining Engineering 








Annual Cost 

6 

10 

2,000 

200-0 












ttfrOTE 

User's Charge is stage, payload, and miasio: 

depen lent * S 

*e Pom 5, 




















VI 

COST DATA 

















































DATA FORM A 


TABLE VI 

LES BASIC COST DATA 
PRODUCTION 

CONFIGURATION: 4 Tank Horizontal Bipropellant 


WBS IDENTIFICATION 


10-0200 LES Vehicle 


Vehicle InLegration & Assembly 


0210 Booster Stage 


0220 Delivery Stage 


0221 Integration & Assembly - Del. Stg. 


0222 Structure & Mechanism 


0223 Thermal System 


0224 Main Prooulsion 


0225 Reaction Control System 


0226 Data Management/Communications 


0227 Guidance, Navigation &: Control 


0228 Electrical Power System 


WBS 

LEVEL 




76 

■B8MI 

1756.5 

22 

22 

76 

6,132 

80.7 

22 

22 

76 

6,506 

85.6 

22 

WSSM 

76 

2,264 

29.8 

22 

22 

76 

47,411 

623.8 

18 

18 

76 

15,843 

208.5 

1 

15 . 

15 

76 

728 

9,6 

. 2 1 

2 

76 

53,344 

701.9 

12 

12 

76 

1,264 

16.6 

8 

8 



Note: |The Average Unit Costs Indicated Here Are Ba^d On Total Of 103 Modular Units 


(76 + 13 + 14) Contained In Scenario C-2. Tnese Casts Include $9, 895, 2 k Of 


Project Management Cost. ($130. 2K per unit) 


































































































DATA FORM A 





WBS IDENTIFICATION 

W3S 

LEVEL 

L.ES Vehicle 

4 

Vehicle integration & Assembly 

5 

Booster Stage 

6 

Delivery Stage 

5 

Integration &■ Assembly ^ Del. Stg. 

- 

5 

‘ Structure & Mechanism 

5 

Thermal System 

5 

Main Propulsion 

5 

Reaction Control System 

5 

Data Management/Communications 

5 

Guidance, Navigation & Control 

5 

Electrical Power System 

5 


TABLE VI 

LES BASIC COST DATA 
PRODUCTION 

CONFIGURATION: 8 Tank Horizontal Bipropellant 


NO. OF COSTS IN TOGO'S OF $ 
UNITS TOTAL 1 ~AVG.~ UNIT 


2734.7 


27,751 


13 





Note: 



27,751 


1,353 


1,188 


390 


12,612 


0 


124 


9,125 


249 


2134.7 

22 

22 

104,1 

22 

22 

91.4 

22 

22 

30.0 

22 

22 

970.2 

18 

18 

208.5 

15 

15 

9.6 

2 

2 

701.9 

12 

12 

19.1 

8 

8 


The Average Unit Costs Indicated Here Are Based On A Total Of 103 Nodular Units 


13 + 14 + 76) Contained In Scenario C-2. These Costs Include $1,998 


Project Management Cost. ($153. 7K per unit 











































































TABLE 


VI 

LES BASIC COST DATA 
PRODUCTION 

DATA FORMA CONFIGURATION: 4 Tank Vertical Bipropellant p^. 7 of t 


WBS 

CODE 

— 
WBS IDENTIFICATION 

IB 

NO. OF 
UNITS 

COSTS IN lOOO'S OF $ 



TOTAL 

AVG. UNIT 

10-0200 

LES Vehicle 

4 

■■ 

24,807 

1771.9 

22 

22 

0201 

Vehicle Integration Assembly 

5 



miBHB 

mm 

EB 

0210 

Booster Stage 

5 



MMMMB 

S5| 

MMj 

0220 

Delivery Stage 

5 

14 

24,807 

1771.9 

22 

22 

0221 

Integration & Assembly - Del. Stg. 

5 

14 

1,130 

80.7 

22 

22 

0222 

Structure & Mechanism 

5 

14 

1,414 

101.0 

22 

22 

0223 

Thermal System 

5 

14 

417 

29.8 

22 

22 

0224 

Main Propulsion 

5 


8,734 

623.8 

18 

18 

L 

0225 

Reaction Control System 

5 

14 

2,918.. 

208,5 

15 

15 

0226 

Data Management/Communications 

5 

14 

134 

9.6 

2 

2 

0227 

Guidance, Navigation & Control 

5 

14 

9,827 

701.9 

12 

12 

0228 

Electrical Power System 

5 

14 

233 

16.6 

8 

8 













. 














MM 


• 




Note: 

The Average Unit Costs Indicated Here Are Ba 

mJUiI 

^ Total 

)f 103 Module 

:r Units 




(14 + 76 + 13) Contained In Scenario C-2. T 

lese Co 

sts Incl 

jde $ 1 , 838.^ 

K Of 




Project Management Cost. ($131. 3 K per unit) 
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Field Support area shows those costs prior to 1983 and costs after 1983 > 
to add TOH operational costs appli-^able in that year* A separate set of 
operations cost sheets are shown for each separate scenario vehicle quantity. 
Production costs for each considered configuration are shown on separate 
pages of the Appendix. All production costs have heen calculated for a 
typical production quantity (103 units). A description of the production 
assumptions is contained in paragraph 3.3.2 of Volume II. The cost summary 
sheets for each Task 6 scenario are included in Appendix C. 

3.2 SPREAD mCTXOHS 

A review of idealised cost distribution curves for development 
programs of similar nature to the LES program identified two curves of near 
optimum application. Decision was made to spread DDT&E costs using curve 
Wo. 2 of Figure 2. This curve assumes 68^ expenditure at mid-program time. 
Production costs were spread within the year of delivery in accordance with 
provisions of ASPE Appendix E, paragraph E-510.1 (Reference 55) covering 
materials j equipment or services purchased and chargeable directly to a 
contract, but not paid for at time of billing. Fixed price contracts normally 
provide for payment at the time of delivery or acceptance, or upon couplet ion 
of the contract. On contracts requiring (l) substantial investment or (2) 
long lead times the contractor may claim reimbursement for a portion of costs 
incurred, as progress payments. With its moderate cost and short production 
schedule and lead times, the LES may well be subject to full payment on 
delivery. Progress payments, if required, may well fall within the year of 
delivery. 

3.3 LEARWIWG INDEX 

Because of the low level of LES usage, it was considered advisable 
to establish special production guidelines which would fit this condition. 
Production was spread over a total 10-12 year period and the quantity of 
procured items was set at the total number required for use during that period 
for mission requirements. A production cycle was established to produce a 
two-year usage quantity, then production was assumed interrupted until the 
next production quantity was placed on order. Some learning takes place for 
any effort spread out over an extended time period. The effects of ’’learning" 
are well established in manufacturing industry. However, when a production 
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CURVE 
NO, 1 


CUMULATIVE 
COMPLETION 
OF WORK - 
PERCENTAGE 


70 


TIME - PERCENT 


J. 

80 



FIGURE 2 IDEALIZED COST DISTRIBUTION CURVES FOR 
DEVELOPMENT PROGRAM TIME PHASING 




run is interrupted^ some of the "learning*’ and associated cost effectiveness 
is lost* When production hegins again, ao3iie trained personnel have left or 
have been reassigned, some tools are lost, etc., thus the learning curve 
applicable to the next production run is not simply a continuation of the 
learning curve of the prior run. The loss of "learning" means that production 
restarts at a point higher up on the learning curve. Volume II, Figure 3.10 
illustrates the interrupted production situation. To compensate for loss of 
"learning" for interrupted production schedules, the empirical data set for 
the second run must be adjusted. The longer the production interruption, 
the less residual learning remains imtil a final limit is reached. To deter- 
mine the probable learning curve which would apply to the LES production 
program, a trade study was conducted. A structural item was selected for 
study since it was considered to be highHy labor intensive and subject to 
maximum learning impact. For a typical production otuantity of 103 structural 
mits, produced without regard to production need, the optimum learning curve 
was determined to be O .898 ( 89 . 8 ^), for a program length of nineteen ( 19 ) 
months. Production rate was approximately 5*^2 units per month. When produc- 
tion q.iiantity was cut to 20-21 items per run, for five independent production 
periods during the ten (10 ) year period, the rate of composite learning drops 
to approximately 0.9^1 A selection of material intensive subsystem 

items showed increase from the noiTmal 92 % range to the 95^ learning regime, 
hence this value was selected as most applicable to the LES system. All sub- 
systems vere estimated for 103 item cumulative average quantity and five 
eq.ui valent lots of production. For variances in total production quantity, 
the 9555 Wright slope was assumed applicable. DDT&E costs were developed for 
a modular family of vehjf'ies of each type studied. For combinations of 
vehicles, requiring more thar. one type, the development cost was integrated 
by consideration of the existing commonality between differing types. All 
costs were developed in 19T7 calendar year dollars. 

3.U LAUNCH MILESTONE DATE 

The development schedule for the Lew Energy itage is shown on 
Figure 8.9 of Volume IV. This schedule establishes the launch milestone for 
the first LES vehicle. This launch date coincides with the LES mission model 
launch schedule, Volume III, Table ^-IV. The followon laxmch milestones are 


3T 


identified by this schedule. The cost schediile for the recommended scenario 
is shown in Volume IV, Table 7“XXII. This cost schedule gives the quantity 
and configuration approach selected to accomplish the LES mission model. 
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TECHNICAL CHAMCTERISTICS DATA 


Iv.O 

The LES system consists of three arrangements of “basic proptilsion 
modules. Each arrangement is a primary propulsion stage consisting of inte- 
grated propulsion, avionics, and structural equipment which after deployment 
from the Shuttle Orhiter can function to place payloads into predesignated 
orbits. The three modular arrangements are an 8-tank, a J+-tank horizontal 
and a i^-tank vertical bipropellant. The ii-tank arrangement can accommodate 
T6 { 59 %) of the 129 low energy regime payloads, the 4-tank vertical version 
can accommodate l4 (11^) of the 129 payloads, and the 8-tank configuration 
can accommodate 13 (10^) of the 129 payloads. 

The following Table VII presents the Technical Characteristics 
Data (TCD) for the LES system. Also presented are the WBS identification 
number, WBS identification title, some important weight and dimensional 
characteristics of the item, and pertinent quantities or values together 
with the appropriate units of measure for the items considered. 
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TABLE VII 

TECHNICAL CHARACTERISTICS DATA 



I 


DATA EORM B 


Pg. 1 of 8 



QUANTITY 

OR 

VALUE 


682 ( 1503 ) 

2351 ( 5183 ) 

10 


433 ( 955 ) 

1262 ( 2783 ) 

59 


464 ( 1024 ) 

1294 ( 2852 ) 


11 


UNITS OF CHARACTERISTICS NOTES 


MEASURE 


Kg (lb) 
Kg (lb) 

% 

Kg (lb) 
Kg (lb) 

% 

Kg (lb) 
Kg (lb) 

% 


Dry Weight 
Full Weight 

Missions Accomodated 

Dry Weight 
Full Weight 

Missions Accomodated 

Dry Weight 
Full Weight 

Missions Accomodated 









TABLE VII 


TECHHICAL CHARACTERISTICS DATA 


DATA FORM B 



Tg. 

2 of 8 

WBS 

IDENTIFICATION 

NUMBER 

WBS IDENTIFICATION 

QUANTITY 

OR 

VALUE 

j 

UNITS OF 
MEASURE 

CHARACTERISTICS 

NOTES 

10-0222 

STRUCTURE 

I 





8-Tank flodular) 






o Aluniinun Stage 
Structure 

85.7 (189) 1 

i 

Kg (lb) 

0 Welded and mechani- 
cally joined tubular 
truss structure 

i 

i 

■ 

o*’V”Clamp 
4-Tank (Modular) 

7.7 (17) 

1 

Kg (lb) 

o Separation clamp be- 
tween stage and pay- 
load 



o Alurainum Stage 
Structure 

68 (150) 

Kg (lb) 

o Welded and mechani- 
cally joined tubular 
truss structure 



;o "V" Clamp 

[ 

7.7 (17) 

j 

Kg (lb) 

o Separation clamp 
between stage and 
payload 



4-Tank Vertical 






o Aluminum Stage 
Structure 

96.6 (213) 

j 

Kg (lb) 

o Welded and mechani- 
cally joined tubular 
truss structure 

1 


0 "V” Clamp 

7.7 (17) 1 

1 

Kg (lb) 

o Separation clamp 
between stage and 
payload 








TABLE VII 


TECHNICAL CHARACTERISTICS DATA 


DATA FORM B Pg. 3 of 8 


WBS 

IDENTIFICATION 

NUMBER 

WBS IDENTIFICATION 

QUANTITY 

OR 

VALUE 

UNITS OF 
MEASURE 

' i 

CHARACTERISTICS 

NOTES 

10-0223 

Thermal 



1 



Plijme Shield 

0.1 (0,04) 

CM (inch) 

1 

Titanium ' 



1 

7,7 (17) 

Kg (lb) 

Weight 


1 

Insulation 

2.54 (1.0) 

CM (inch) 

MLI ' 


• 

1 

128.5 (10) 

kg/m 

1 





(Ib/ftf!) 

Density 




256.9 (20) 

kg/m 



ro 



(Ib/ft^ 

Density 


1 

1 

Radiator Plate 

1 


Aluminum 




1.32 (2.9) 

kg (lb) 

Weight 




56x56x0,152 

Cm 

Size 


1 

! 

L 

1 


(22x22x0.06) 

(in) 

1 



i 

1 

1 

> 


* « . 

' i 

' 5 .a 

J W T 


4 

..... 


' ■ , 

.. .... 

-..•V ^ ... 









TABLE VII 


TECHNICAL CHAHACTERISTICS DATA 


DATA FORM B Pg- 4 of 8 


WBS 

IDENTIFICATION 

NUMBER 

ms IDENTIFICATION 

QUANTITY . 
OR 

VALUE 

UNITS OF 
MEASURE 

CHARACTERISTICS 

NOTES 

10”0224 

MAIN PROPULSION 






R-40A Thruster 

3871.5 

(870) 

1 

MMH 

N 2 O 4 

22:1 

9.75 (21.5) 

Newton 

(Ibf) 

Kg (lb) 

Thrust 

Thruster per LES 

Fuel 

Oxidizer 

Area Ratio 

Weight 



Fuel Tank 

4 

63.5 (25) 
101.6 (40) 
30 (66.2) 

Cm (inch) 
Cm (inch) 
Kg (lb) 

Coaospherical Tanks 
per 8 ~tank LES 
O.D. 

Length 
Dry Weight 



Oxidizer Tank 

63.5 (25) 
101.6 (40) 
30 (66.2) 

Cm (inch) 
Cm (inch) 
Kg (lb) 

Cono spherical Tanks 
per 8 -tank LES 
O.D. 

Length 
Dry Weight 



Pressure Tank 

8 

39.4 (15.5) 

Cm (inch) 

Spherical Tanks 
per 8 -tank LES 
Diameter 



Pressure Regulator 

1 

1.59 (3.5) 

Kg (lb) 

Per LESS 
Dry Weight 

♦ 






DATA FORM B 


WBS 

IDENTIFICATION 


WBS IDENTIFICATION 


NUMBER 


10-0225 


REACTION CONTROL 
SYSTEM 


I 

! 

i 


R-4D Thruster 




4 ^ 

jr- 


I 

i 


I 

I 

I 

i 


JSf./ 













TABLE VII 

TECHNICAL CHAfiACTERISTICS DATA 


DATA FORM B 




Pg. 

6 of 8 

WBS 

IDENTIFICATION 

NUMBER 

1 1 

1 

WBS IDENTIFICATION 

1 

( 

QUANTITY j 

OR 

VALUE 

UNITS OF 
MEASURE 

CHARACTERISTICS 

NOTES 

10-0226 

r ■ ■■ ■' — ' ' 

DATA MANAGEMENT/ 






COMMUNICATIONS 






[Transmitter 

1 

- 

S-Band, 8 Watt output, 
missle and satellite 
telemetry 




0.9 (2) 

Kg (lb) 

Weight 



Antennas 

i 

4 

0.028 (0.06) 

Kg (lb) 

Omni Directional, 
S-Band antenna 
Weight 


i 

Coax Switch ! 

j 

1 


S-Band, Single pole, 
4-throw solenoid 
operated multiposition 
sx^itch 


i 

j 

! 

1 

1 

1 

! 

j 

0.38 (0.84) 

Kg (lb) 

Weight 



1 

1 


1 



T 


K 


-p- 

CT\ 


TECHNICAL CHARACTERISTICS DATA 


DATA FORM B 


Pg. 7 of 8 


WBS 

IDENTIFICATION 

NUMBER 


WBS IDENTIFICATION 


QUANTITY 

OR 

VALUE 


UNITS OF 
MEASURE 


CHARACTERISTICS 


NOTES 


10-0227 


GUIDANCE, NAVIGATION 
AND CONTROL 


Inertial Stabilization 
Unit 


- Gyros 


- Accelerometers 


- Computer 


- Support Electronics 


Ignition Control Unit 


20.3 (44.8) 
2 


Kg (lb) 
Degrees 


24 

84 

80 


8 


68 pfd, 

60 volt 
3600 ohm, 
H watt 
Kg (lb) 


Strap-down inertial 
Weight 

Two degree -of -freedom 
dry tuned 


Degrees/^ 

Sec 


Inertial grade Quarts 
Flexure Force Rebalance 


Fixed point, scored 
program General Pur- 
pose Digital Computatl^ 
with lOK, 16 Bit words 
of memory 


Reaction Control System 
valve drivers, ignitiop 
relay driver, teleraetr 
signal conditioning, 
etc. 


Provides safe /arm and 
squib firing pulses 
Safe /Arm relays 
Switching Transistors 
Energy storage capacity 


rs 


Charging resistors 


4.3 (9-5) 


Weight 



*' ■■ 



TABLE VII 

TECHNICAL CHARACTERISTIC 

JS DATA 



DATA FORM B 




pg- ^ ° 

if 8 

WBS 


QUANTITY 

1 



IDENTIFICATION 

WBS IDENTIFICATION ' 

OR 

UNITS OF 

CHARACTERISTICS 

NOTES 

NUMBER 

1 

VALUE 

^ MEASURE ' 

1 i 



10-0228 

1 

ELECTRICAL POWER 


, 1 

1 

1 




1 

Battery j 

1 

— 

Silver-zinc, 





1 

remotely activated 



; ! 

600 

Watt -Hr s 

Capacity 




2.8 

Volts 

Supply Voltage 




14,5 (32) 

Kg (lb) 

Weight 



j Power Control Unit 

1 

: - 

Assembly per LES 




2 

- 

Switching Relays 




2 

- 

Isolation Diodes 



! 

0.68 (1.5) 

Kg (lb) 

Weight 




7 . 6x7. 6x7.6 

Cm 

Size 



1 

1 

1 

i 

! 

(3x3x3) 

(Inch) 

1 

1 

1 ' 

! 

' 

' i 

! 


■f 

1 

1 

! 

1 

1 



* 







5.0 


TOTAL PROGRAM FIMDIHG SCHEDULES 


The included Table VIII is the recommended funding schedule for 
the new design portion of scenario C-2. This tehlis amplifies the new design 
portion of the scenario J-2 cost schedule shown on Table T-XXII of Volume IV. 

The coats are hrolcen down to level k in order to give greater costing visibility. 


DATA FORM C 

PROJECT WBS ITEMS 

10-100 PROJECT management 
^ 10-200 LES vehicle 

\o 

10-400 SYSTEM ENGR « iNTEGRfiTICW 
10-500 AIEBOBNE SUPPORT EQUIPMENT 
10-600 SOFTWARE 

10-700 SYSTEM TEST 6 EVALUATION 
10-800 GROUND SUPPORT EQUIPMENT 
10-900 GROUND OPEEATICMS 
lO-lOOt PLIGHT OPERATIONS 
20-200 ORBITER INTEGRATION 


TABLE VIII 

FUNDING SCHEDULE 
SCENARIO C2 NEW DESIGN 
(COSTS IN THOUSANDS OF DOLLARS) 

1979 1900 1981 1982 1983 1984 1985 1986 1987 1938 1989 1990 1991 


1,980 2,242 2,110 2,350 

. ' i 18r6I3 21,800 20,239 23,166 

39 107 26 1,154 1,728 1,584 2,015 2,015 2,589 2,159 ‘ 2,446 2,302 2,589 


153 383 673 1,342 1,568 1,414 1,826 1,849 

644 9,280 2,965 6,505 13,394 11,412 16,618 16,987 


322 3,760 1,289 

74 388 108 

71 528 785 


0 

ISB 

3,160 

632 

0 

0 

0 

0 

1 

0 

0 

' 0 

0 

0 

16 

130 

1,252 

2,405 

2,258 

2,697 

2;697 

3,2D2| 

1 

2,843 

3,136 

2,989 

3,282 

0 

0 

0 

12 

24 

21 

30 

30 

1 

42 

33 

39 

36 

42 

(25)“ 

(50)* 

(50)“ 

"2 

144 

126 

ISO 

ISO 

252 

198 

234 

216 

252 

1,303 

14,620 

9,136 

11,072 

19,263 

16,815 

23,366 

23,758 

32,043 

25,826 

29,977 

27,892 

31,681 


20,262 
105,209 
20,753 
5,371 
570 
1,427 
3,950 
2b, 937 
309 
1,654 

266,693 


THESE COSTS, DEFINING AND MAINTAINING INTERFACE CONTROL, HERE ACCUiaiLATED UNDER WBS 10-100, 200, 500 AND 700. 


tf. • 
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DETAILED COST INFOEMATIQU BY ELEMEHTS OF COST 


The included Table IX gives detail cost data, to level 5, 
for the new design portiai of scenario C-2. The elements are: 
o Engineering 
e Tooling /Test Eqtdpment 
e Manufacturirig and Materials 
e Subcontract Materials 
0 Operations 


TABLE IX 
BETAIL COST DATA 


SCENARIO C2 NEW DESIGN 


VBS 

CODE 

WBS Ei£HEm;s 

ELEMENTS OF COST ($ X 1000) 

TOTAL 

ENGINEERING 

TOOLING-TEST 

EQUIPMENT 

MFG. AND 

materials 

SUBCCWTRACT 

MATERIALS 

OPERATICSTS 


10-100 

PROJECT HflHAGEHENT 

( 1,530) 

0 

(13,738) 

j 

(5,000) 


( 20,268) 

10-200 

LES ’VEHICLE 

( 6,285) 

(1,981) 

(175,896) 

(1,042) 

0 


(185,204) 

10-210 

BOOSTER STAGE 

0 

0 

0 

0 

0 


0 

10-220 

DELIVERY STAGE 

6,205 

1,981 

175,896 

1,042 

0 


185,204 

10-221 

INTEGRATION AND ASSEMBLY 

870 

50 

8,314 

0 

0 


9,242 

10-222 

STRUCTURE ANP HECHAMISH 

712 

70 

9,635 

0 

0 


10,417 

10-223 

THERMAL SYSTEM 

86 

18 

2,011 

55 

0 


2,970 

10-224 

MAIN PROPULSirai 

1,655 

966 

66,358 

0 

0 


68,979 

10-225 

REACTION CONTROL SYSTEM 

385 

199 

20,031 

0 

0 


20,615 

10-226 

DATA H4HAGEMENT/COMMUHICAT1C9JS 

19 

0 

0 

987 

0 


1,006 

10-227 

GUIDiVNCE, NAVIGATION AND CONTROL 

2,193 

645 

66,911 

0 

0 


69,749 

10-228 

ELECTRICAL POWER SYSTEM 

365 

25 

1,836 

0 

0 


2,226 

10-400 

SYSTEM engineering AND INTEGRATION 

(13,908) 

(45) 

0 

0 

(6,799) 


( 20,752) 

10-401 

LES SYSTEMS ENGINEERING 

10,280 

0 

0 

0 

4, .79 9 


15,079 

10-402 

les/ase integration 

1,077 

45 

0 

0 

0 


1,922 

10-403 

LES/PAVLOAD INTEGRATION 

1,751 

0 

0 

0 

0 


1,751 

10-404 

SUSTAINING ENGINEERING 

8 

0 

0 

0 

2,000 


2,000 

10-500 

AIRBORNE SUPPORT EQUIPMENT 

( 2,667) 

(226) 

(2,478) 

0 

0 


( 5,371) 

10-501 

INTEGRATION AND ASSEMBLY 

73 

23 

20 

0 

0 


lie 

10-502 

STRUCTURE AND MECHANISM 

2,262 

IBl 

2,368 

0 

0 


4,811 

10-503 

AVIONICS - ASE 

142 

15 

44 

0 

0 


201 

10-504 

CONTROLS AND DISPLAYS 

190 

7 

46 

0 

0 


243 

10-600 

SOFTWARE 

(570) 

0 

0 

0 

0 


(570) 

10-700 

SYSTEM TEST AND EVALUATICN 

( 1,072) 

(250) 

(105) 

0 

0 


( 1,427) 

10-701 

DEVELOPMENT TESTING 

776 

228 

9 

0 

0 


1,004 

10-702 

QUALIFICATION TESTING 

281 

22 

0 

0 

0 


303 

10-703 

MOCKUPS 

15 

0 

105 

0 

0 


120 

10-800 

GROUND SUPPORT EQUIPMENT 

( 1,273) 

0 

(2,677) 

0 

0 


( 3,950) 

10-801 

CHECKOUT 

490 

0 

1,546 

0 

0 


2,036 

10-B02 

hanoling/assembly/servicing 

783 

0 

1,131 

0 

0 


1,914 

10-500 

GROUhU OPERATIONS 

0 

0 

(2,575) 

0 

(24,412) 


( 26,987) 

10-901 

LOGISTICS/TRAlHlNG 

0 

0 

0 

0 

1,018 


1,010 

10-902 

SPAHES/REPAIR PARTS 

0 

0 

2,575 

0 

0 


2,575 

10-903 

FIELD SUPPORT 

0 

0 

0 

0 

23,394 


23,394 

10-1000 

FLIGHT OPERATIONS 

0 

0 

0 

0 

(309) 


( 309) 

20-0200 

ORBITER INTEGRATlffi) 

( 371) 

0 

0 

0 

(1,483) 


( 1,854) 


TOTAL 

27,676 

2,502 

197,569 

1.042 

38,003 


266,692 
— ■ — - 
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APPENDIX A 

LOW ENERGY STAGE STUDY 
WORK BREAKDOWN STRUCTURE 
DICTIONARY 


A-1 


introduction 


Tlie Work Breakdovm Structure (Figure l) is intended to define the 

various Low Energy Stage ’(LSS) Configurations and associated equipments, and 
integrate these elements into the Shuttle Orbiter, The LES project is sub- 
divided into Project Management, LES Vehicle, Facilities, Systems Engineer- 
ing and Integration, Airborne Support Equipment (ASE) , Software , System Test 
and Evaluation, Ground Support Equipment, Ground Operations and Flight 
Operations. The Space Shuttle Users Charges and Orhiter Integration are 
included to give complete consideration of the comparative cost of each LBS 
approach. The cost of the payload will not be included in the study, except 
as it influences the Shuttle users charge, 

A dictionary of the elements shown in Figure 1 is provided down through 
Level where applicable. 
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Figure 1 
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WBS £LE^^ENT 1-X - LES PROGRAM 


The Low Energy Stage Program has the objective of placing Shuttle 
automated payloads into low energy earth orbits from the cargo bay of 
the shuttle. Alternative LES systems will be configured to accomplish 
this task. Based on a HASA mission model, reference missions and design 
criteria "will be established for the low energy regime below the capability 
of the smallest planned expendable Shuttle upper stage. The WBS of Figure 
1 Is a product -oriented family tree composed of hard\'rare, services and 
data elements. This dictionary describes the engineering, manufacturing, 
test and operations of the LES program and covers efforts during develop- 
ment, production and operation in definition of the project/program, 

WBS ELEMENT 0000 - PAYLOAD 

The NASA Space Transportation System is responsible for placing 
spacecraft satellites in orbits of various inclinations and altitudes. 

Major activity is forecast for geosynchronous orbits, deep-space missions, 
elliptical orbits, and low energy circular orbits higher than the Shuttle 
standard orbit altitude (296 km). Payloads with such destinations will 
require a propulsion stage in addition to the Shuttle, Both the payload 
and the propulsion stage will be delivered to Shuttle orbit and deployed. 
Before release, the combined propuls ion- stage/pay load system will be 
checked and readied for launch, and flight trajectory will be loaded via 
the orbit er general purpose computer. 

Combined with the large weight and volume capacity of the Shuttle, 
this capability provides the payload designer new freedom in developing 
and operating satellites that can reduce costs as well as improve per- 
formance , 

Cost of payloads will not be a part of the LES study. However, the 
payload interface ^rith the stage and orb iter ASE affect the cost of these 
components. The capability of payloads to be supported by pallets or other 
exist ing/planned ASE will reduce the cost of the stage and associated ASE 
structure . 

WBS ELEMENT 20-000 - SPACE SHUTTLE 

The primary design and operations goal for the Space Shuttle Program is 
to provide low-cost transportation to and from earth orbit. Free-flying or 
automated satellites will be delivered to and recovered from many types of 
orbits. Automated payloads with propxfLsive stages attached will he deployed 
from the space shuttle and placed in low/high-energy trajectories. 

The Space Shuttle flight system is composed of the Orbiter, an external 
tank (ET) that contains the boost/ascent propellant to be used by the Orbiter 
main engines, and two solid rocket boosters (SRB’s), The Orbiter and SRB’s 
are reusable; the external tank is expended on each launch. 

For the LES study the costs collected under this WBS elerasnt will be the 
shuttle user charge for the stage, ASE, and payload and the cost to integrate 
and maintain the shuttle /stage/ASE interfaces. 



ms ELEMMC 20-0100 - USEKS CHAEGE 


Users charge is the cost of using the Shuttle Orbiter cargo bay. The 
Space Transportation System (STS) User Handbook defines the user charge as 
the product of the ratio of load factor 0,75 and the Shuttle charge for 
a dedicated Shuttle flight. Load factor is the greater value of length 
load factor or weight load factor determined by: 

o Vehicle length -f 60 feet^ or 

o Launch freight allowable Shuttle payload weight for the 

specified launch site and Shuttle orbit altitude and inclination. 

Shuttle charge used in this study was obtained by escalating the mid 
Py*75 price of $l8 mill ion (from the STS User Handbook) for U.S. civil 
government users according to the increase in Bureau of Labor Statistics 
total private index for compensation per hour from mid FY'75 to mid FY’77* 

This resulting Shuttle user charge ^ used in the XiES study, is $21,834 million. 

WBS ELEMENT 20-0200 - ORBITER mTEGRATION 

This element provides that engineering and manufacturing effort 
required to define and maintain the LES interface with the Orbiter, including 
analysis and identification of liES tests and checkout operations affecting 
that interface, analysis and identification of configuration changes affect- 
ing the interface, and evaluation/coordination of recommended changes to the 
interface, 

VffiS ELEMENT 10-0000 - LOW ENERGY STAGE PROJECT 

This LES Project summary contains the complex of hardware, software, 
services and specific tasks required to develop, design, procure, manufacture 
test, checkout, deliver, accept and operate the LES vehicle system. This 
element includes test articles, mock-ups, production articles, support 
equipment, logistics, training, data, etc., associated with the LES system. 

The LES Project is subdivided into: 


WBS TITLE 


10-0100 

10-0200 

10-0300 

10-0400 

10-0500 

10-0600 

10-0700 

10-0800 

10-0900 

10-1000 


PH0J/'‘T MANAGEMENT 
LES VEHICLE 
FACILITIES 

SYSTEMS ENGINEERING AND INTEGRATION 
AIRBORNE SUPPORT EQUrPf4ENT 
SOFTWARE 

SYSTEM TEST AND EVALUATION 
GROUND SUPPORT EQUIPMENT 
GROUND OPERATIONS 
FLIGHT OPERATIONS 



WBS ELEMEIJT 10-0] 00 - PROJECT MAMGEMERT 


This element accomplishes the technical and business management of the 
liES Program, including the effort associated with plannisig, directing and 
controlling the definition, development and manufacture of the system as 
well as the supporting life cycle functions of Logistics and Maintenance 
support. Training and Operational Testing, and Operational Development of 
the system* The project /system management effort which is directly and 
specifically associated with hardware elements is excluded here and in- 
cluded with the item. The disciplines of Configuration Management, 
Performance Management, Data Management, Customer Liaison and Contract 
Administration are performed in this element. In addition, this category 
will include operations procedures, maintenance procedures, ordinance test 
procedures, general procedural administrative technical manual, etc,, for 
factory/field and maintenance of all items, 

WBS ELEMENT 10-0200 - LOW ENERGY STAGE (LBS) VEHICLE 

The vehicle consists of the integrated LES system equipment installed 
in the Shuttle Orbiter, which functions to place spacecraft into their 
operational environment. This element includes the delivery stage, booster 
stage if required, and associated assembly hardware as a total LES vehicle 
entity. It also includes the total of the design, development, test and 
production of complete units (prototype and/or operationally configured) 

I xdiich satisfy the requirements of their end use. 

The LES vehicle is subdivided into: 

WBS TITLE 

10-0201 VEHICLE INTEGRATION AND ASSEMBLY 

10-0210 BOOSTER STAGE 

10-0220 DELIVERY STAGE 

WBS ELEMENT 10-0201 - VEHICLE INTEGRATION AND ASSEMBLY 

This element rtfers to the integration and assembly of Level k hardware 
elements into a LES Vehicle as an entity and testing of integrated LES 
Vehicle Level 4 elements. The Level 4 hardimre consists of the delivexy 
stage and the booster stage together with associated assembly hardi^jare. 

The element includes all effort associated with the vehicle Preliminary 
and Final General Arrangement and inboard profile drawings, integration and 
interface drawings and design characteristics and drawing maintenance for 
production. Also includes performance of any vehicle level development and 
acceptance testing. The activities outlined under WBS elements 10-0100 
Project Management and 10-0700 System Test and Evaluation (Development Test, 
etc,) have been excluded. 
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WES ELEMBMT 10-0210 - BOOSTER STAGE 


!I?he Booster Stage consists of integrated propulsion, avionics and 
structural equipment tiiich i-jhen integrated with the Delivery Stage and 
a:ffcer deployment from the Shuttle Orb iter functions to increase velocity 
to enable the LES to deliver spacecraft to low energj'" destination orbits. 

The Booster Stage includes the total of the design development, test and 
production of complete units (prototype and/or operational configured) 
which satisfy the requirements of their end use. Tooling for development, 
qualH.'ication and production will be included vrith each subelement, where 

^quired. For Task^ 6, Boosters consist of SSUS A51) purchased as comDlete unit. ’ 
^e pw^hase^rice^ includes integration of SSUS with the payload (in* this ^uoy, ^ 


Rev. 


!i?he Booster Stage is subdivided into: 


A 


ItBS TITLE 


10-0211 

10-0212 

10-0213 

10-0214 

10-0215 

10-0217 

10-0218 


OTEGRATIOH AITO ASSEMBLY 

STRUCTUEE 

THERMAL 

MAIM PROPUIBIOH 
REACTION COHTROL SYSTEM 
GUIDAHCE, MAVIGATION AMD COHTROL 
ELECTRICAL POVffiR 


WBS ELEMEHT 10-0211 - BITEGRATIOH AHD ASSSIiBLY 

This element contains all labor and material required to integrate the 
various subsystems into a complete Booster Stage. Final, assembly, attachment 
and installation hardware and final factory acceptance operations are included. 
Also included are the preparation of final factory acceptance checkout pro- 
cedui‘es, manufacturing liaison and the coordination and accomplishment of 
customer acceptance of the completed articles. 

ires ELEMEHT 10-0212 - STRUCTURE 

This element summarizes all work associated with the design, development, 
test, assembly and si^pozi: of the Booster Stage structural elements. Tasks 
include analysis, design, development, test, materials, manufacturing, 
qimlity control tests, and qualification test of components and subsystems, 
and associated support. Additionally, this will include provisions for test 
equipment and tooling for development, qualification and production. Wher- 
ever hardware is purchased, this element covers the preparation of speci- 
fications, supplier liaison and direction, i*/herever facilities are rented, 
this element covers the charges. Integrated testing at the vehicle system 
level is not included. 

Structural elements are considered to include the primary structural 
shell (or framework), Delivery Stage adapter structure, propulsion system 
support structure, equipment attachment structure and bracketry, attachment 
trunnions and beams and separation plane interface hardware. The destabili- 
zation and spin balance subsystems are also included here, when required. 
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^JBS ELEMENT 10-0313 - THERMAL 


This element covers the design, manufacture, procurement, installation, 
and test of Thermal Control devices required by the Booster Stage, This 
•would include both active heating devices, and passive insulation materials 
such as reflective/absorption coatings, heating blankets, insulation blankets, 
heating elements, thermal sensors, together ^/rith controller and logic for 
thermal monitoring and control, 

WBS ELEMENT 10-0214 - MAIN PROPULSION 

The propulsion element refers to the means for generation of propelling 
forces for the Booster Stage. This element includes alternative solid 
propulsion motors including case, liner, insulation, nozzle, safe and arm 
device, propellant, igniter, and integrated hardi^are. The motor is considered 
a subcontract procurement from a propulsion supplier, or it may be obtained as 
part of an existing stage. The motor may be purchased unmodified, or it may 
be off-loaded and/or have the nozzle trimmed (shortened). 

This element includes the costs associated -with the planning, scheduling, 
design, deve?,cpment and production of the solid rocket motor. The element 
includes the assembly and test of development, qualification, production and 
quality assurance motors. This element also includes the prime contractors* 
costs for the preparation of procurement specifications, envelope draT/ings, 
technical liaison and support to the subcontractor, management of the subcontract, 
quality control surveillance and assessment of the subcontractors ' performance, 

WBS ELEMENT 10-0215 - REACTION COI^ROL SYSTEM (RCS) 

This element refers to the means for receiving guidance intelligence in 
the form of control signals and generating appropriate reaction control 
forces by means of reaction motors. For the booster, the only RCS systems 
used are those which come as part of purchased (exis"ting) stages, 

WBS ELEr«P 10-0217 - OUIDANCB, NAVIGATION AITO CONTROL 

The guidance element refers to the means for generating guidance 
intelligence, and conditioning the intelligence to produce control signals 
for the Booster Stage, Controllers may interface with the propulsion system 
to produce control reaction forces for attitude control. If design is such 
that electronics are packaged into a single rack or housing as an assembly, 
this rack or housing -will be considered part of the guidance system. This 
element includes, for example, the guidance intelligence system, computer, 
sensing elements, autopilot, ■telemetry signal conditioning, ignition system 
(sequencing) elements, etc. In addition, the Ignition safe/arm control 
system is included here. The guidance system usually is carried as part of 
the Delivery Stage, However, for some configurations, components of GN&C 
are placed on the booster. 
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ms ELEMEHT 10-0218 - ELECTRICAL POWER j 

This element includes all effort and material required to design, 
develop, procure and/or fabricate, assemble, checkout, test and deliver all 
hardware and documentation for the electrical power and ignition systems | 

which Include the vehicle electrical power source control, and all vehicle 
interconnecting T^riring, For the booster, the only electrical systems used 
are those whach come as part of purchased (existing) stages* | 

VJBS ELEME33T 10-0220 - DELIVERY STAGE ' ‘ 

— — j 

The Delivery Stage is the primary propulsion stage and consists of il 

integrated propulsion, avionics and structural equipment (and related soft- 
ware), which after deployment from the Shuttle Orbiter functions to place 
the payloads into a predesignated orbit. This element includes alternate i | 

liquid propulsion and solid rocket propulsion modes. 

The Delivery Stage includes the payload interface and interface provi.- 
sions for booster stage. It also includes the total of the design, develop- ; 

ment, test and production of complete units (prototype and/or operationally 
configured) which satisfy the requirements of their end use. Tooling for 
development, qualification and production will be included with each sub- 
element, where required. 

The Delivery Stage is subdividetj. into; 

1 

WBS TITLE 

10-0221 IHTEGRATIOR AMD ASSEMBLY 

10-0222 STRUCTURE 

10-0223 THERMAL 

10-0224 MABf PROPULSION 

10-0225 REACTION CONTROL SYSTEM 

10-0226 DATA MAmGEMENT/COMMUNiCATIONS 

10-0227 GUIDANCE, NAVIGATION AND CONTROL 

10-0228 ELECTRICAL POlffiR 

WBS ELEMENT 10-0221 - INTEGRAT3DN AW ASSEMBLY 

This element contains all labor and material required to iiitegrate the ; 

various subsystems into a complete Delivery Stage* Final assembly, includ- ’ 

ing attachment and installation hardware, and final factory acceptance ] 

operations are included. Also included are the preparation of final factory 
acceptance checkout procedures, manufacturing liaison and the coordination 
and acconqpli.'Thment of customer acceptance of the completed articles, < 

4 
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WBS EtEMEKT 10-0222 - STBUCTUEE 


This element smnmarizes all work associated with the design, development, 
test, assembly and support of the Delivery Stage structural elements* Tasks 
include analysis, design, development, test, materials, manufacturing, 
quality control tests, and qualification test of components and subsystems, 
and associated support. Additionally, this will include provision of test 
equipment and tooling for development, qualification and production. Wherever 
hardi-rare is purchased, this element covers the preparation of specifications, 
supplier liaison and direction. Wherever facilities are rented, this element 
covers the charges. Integrated testing at the vehicle system level is not 
included. 

Structural elements are considered to include the primary structural 
shell (or framework), payload adapter structure, propulsion and Guidance/ 
Control Systems support structure, equipment attachment stiucture and 
bracketry, attachment trunnions and beams, and separation plane interface 
hardware. The destabilization and spin balance subsystems are also included 
here, when required. 

WES ELEMENT 10-0223 - THEBMfl-L 

This element covers the design, development, manufacture, procurement 
installation and test of Thermal Control coc5>onents and subsystems required 
by the Delivery Stage, This would include both active heating devices and 
passive insulation materials such as reflective/absorption coatings, heating 
blankets, insulation blankets, heating elements, thermal sensors, thermal 
control electronics, radiators, materiaJ.s, etc. Tasks include analyses, 
design, development, test, manufacturing, quality control and qualification 
test of components and subsystems and associated support hardware. Wherever 
hardvTare is purchased, this element includes specification preparation, 
supplier liaison and direction. 

Integrated testing at the vehicle system level is not included. 

WBS ELEMENT 10-0224 - MAIN PROPULSION 

This propulsion element refers to the means for generation of propulsion 
■impulses for the Delivery Stage, The several alternative candidate propulsion 
concepts considered include monopropellant liquid systems, bipropellant liquid 
systems and adaptations of solid motor systems , This element includes the 
costs associated with the planning, scheduling, analysis, design, development, 
test, production and quality control of these candidate systems as well as 
assembly and test of development, qualification and production components, 
subsystems and motors and associated test equipment and tooling. Addition- 
ally the prime contractor^ costs for the preparation of procurement specifi- 
cations, envelope drawings, technical liaison, direction and support of the 
subcontractor, management of the subcontract, quality control surveillance 
and assessment of the subcontractor's performance are included. This element 
may or may not include propellant, tankage and flow subsystem hardware for 
the RCS, depending on whether the RCS is an integral part of main propulsion. 
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WBS ELEMEMT 10-0224 - mUJ PBQPULSIQK (Continued) 


Integrated testing at the vehicle system level is not included. 

Propulsion elements are considered to include: thrusters, propellant 

and pressurant tankage, flow system hardware, associated instrumentation, 
vent and safety hardvraire, test and servicing interfaces, electrical and 
pyrotechnical interfaces, and associated pyrotechnical subsystems, 

^?BS EhEI4ElIT 10-0225 - REACTIOH GOHTROL SYSTEM (RCS) 

This element refers to the means for receiving control signals and 
associated power and generating appropriate reaction control forces by 
means of reaction thrusters. Several alternative candidate reaction con- 
trol concepts will be considered. These include bipropellant, monopropellant 
and cold gas systems. This element will include the costs associated with 
the planning, scheduling, analysis, design, development, test, production 
and quality control of, these candidate systems as well as the assembly and 
test of development, qualification, and production components and subsystems 
and associated test equipment and tooling. Additionally the prime contractor’s 
costs for the preparation of procurement specifications, envelope drawings, 
technical liaison, direction and support of the subcontractor, management of 
the subcontractor, quality control surveillance and assessment of the sub- 
contractors' perfoimiance are included here. KCS elements include; 
thrusters, flow system hardware, associated instrumentation, test 
interfaces, and electrical interfaces. 

Integrated testing at the vehicle system level is npt included. 

WBS ELEMENT 10-0226 - DATA ^lAJ?AGE^!EHT/CQMMtHIGATIOKS 


This element includes only the antennae and transmitters with associated 
harness. The Data Management subsystem is contained in GMC- 

^-JBS EIEMEI?T 10-0227 - GUIDAIjICE, NAVIGATION AMD CONTROL 

The guidance element refers to the means for generating guidance 
intelligence, and conditioning the intelligence to produce control signals 
for the Delivery Stage. Controllers may" interface with the propulsion 
system to produce control reaction forces for control. If design is such 
that electronics are packaged into a single rack or housing as an assembly, 
this rack or housing vrill be considered part of the guidance system. This 
element will include the costs associated with the planning, scheduling, 
analysis, design, development, test, procurement and quality control of the 
selected systems, as well as the assembly and test of development, qualifi- 
cation, and production components and associated test equipment and tooling. 
This element includes the guidance intelligence system, computer, sensing 
elements, autopilot, telemetry signal conditioning, ignition system 
(sequencing) elements, etc. 

For reaction control system element, see 10-0225 RCS, 
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This element includes all effort and material required to design, 
develop, procure and/or fabricate, assemble, checkout, test, and deliver 
ft.n hardware and documentation for the electrical po'vier system which include 
the vehicle electrical power source, electrical power control and distribution, 
all vehicle interconnecting i-riring and EMI protection. 

VffiS ELEMEtlT IO-O 3 OO - FACILZglSS 

This element includes all new construction, modifications or expansions 
of facilities for development, qualification, production, storage inventory 
and manufacture required by the LES systems contractor. Facility operation, 
field facilities, and maintenance costs are provided in this element, with 
that part related to development, qualification facilities being an engineer- 
ing cost and Manufacturing Facilities being a manufacturing cost and that 
part associated with Ground Operations being an operations cost. The costs 
included here are planning, scheduling, coordination, design, construction, 
procurement, inspection, installation, set-up, servicing acceptance review 
and activation of these facilities, 

WBS EhEMEUiT 10-0400 - SYSTEM EKGUJEERPIG Al^ID PtTEGRATIOKf 

This element encoinpasses all subsets of the systems engineering task 
implicit in directing and controlling the engineering effoxt. The included 
disciplines are System Definition, System Performance Definition, Interface 
Definition, Reliability and Quality, Maintainability, Logistics Planning 
and Management, Technology Application, Manpower Planning, Human Engineering, 
System Safety, Configuration Management and Quality Engineering, 

This element is subdivided into: 

WBS TITLE 

10-0401 LES SYSTEMS SHGUJEEEIHG 

io-o4o2 les/ase integration 

10-0403 LES/PAYLOAD INTEGRATION 

10-o4o4- SUSTAINIETG ENGINEERING 

WBS ELEMEtlT lO-OhOl - LES SYSTEMS SNGPffiERING 

This element pertains to the technical and management efforts of direct- 
ing and controlling a totally integrated engineering effort. The dement en- 
compasses system definition and the integrated planning and control of the 
technical program efforts of analysis, design engineering, performance anal- 
ysis and capabilities production, logistics engineering, specialty engineer- 
ing, production engineering and test planning. Pre-flight planning and^post 
fli^t reporting, including data acquisition, data reduction and analysis and 
repojrfcs are part of this element. Included here is the System Engineer- 
■ing effort to transform an operational need or statement of deficiency into 
a description of system requirements and a preferred system configuration; 
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^IBS EIxEMENT 10-0i{01 - LES SYSTEMS ENGBEERIMG (Continued) 

the Logistics Engineering effort to define, optimize and integrate the 
logistics support considerations into the mainstream engineering effort to 
insure the development and production of a si^oitable and cost effective LES 
system^ and the technical planning and control effort for planning, monitoring, 
measuring, evaluating and directing the management of the technical program* 

It excludes the actual design engineering, and production engineering directly 
related to the products or services of a deliverable end item. 

IJES ELEim? 10-0402 - LES/ASE INTEGRATION 

» 

This element refers to the Factory integration and assembly of the 
Airborne Support Equipment with the Low Energy Stage as a whole. It includes 
installation of connecting (joining) hardware, fit checks, hook-up of GSE, 
and systems test of the total installation for verification of compatibility 
and interface. Both development and recurring costs are included here, 

ELEMENT 10-0403 - LES /PAYLOAD INTEGMTION 

This element refers to the Factory integration and assembly of the pay- 
load with the Low Energy Stage as a vdiole. It includes installation of 
connecting (joining) hardware system interconnects, and 'interface verification 
demonstration. Both development and recurring costs are included here. 

WS ELEMENT 10-04o4 - SUSTAINING ENGINEERING 

This element provides all sustaining engineering effort, following 
DDT8^, required for the LSS project after the completed, assembled concept 
has been checked out for full flight certification and delivered. Also 
included are in-plant engineering liaison support of operational activities 
and the sustaining engineering support required at the launch sites during 
the operations phase. Activities would include further allocation of per- 
formance requirements for the vehicle into subsystem requirements, evaluation 
of vehicle, ASE and GSE performance, maintainability analysis, etc. Excluded 
are those activities that pertain to major hardware (SCP) modification re- 
quired to meet nev/ performance specifications or requirements. Cost for ECP 
modifications will be estimated separately, and applied against the hardware 
items at NBS Level 3, 

NBS ELEME3IT 10-0500 - AIRBOHiS SUPPORT EQUmE^IT 

This element consists of the avionic and structural Airborne Support 
Equipment (ASE) necessary to integrate/interface the LES into the Shuttle 
Orbiter for all Shuttle flight operations including abort and venting. 

Airborne Support Equipment includes hardware and soft7jare which is required 
in the Shuttle aft flight crewdeck and Orbiter cargo bay to functionally 
STipport all LSS stages and spacecraft. Its main function is for retaining 
and then enabling the LES to separate from the Shuttle Orbiter, This element 





WBS ELEMEICT 10-0500 - AIBBORMiS SUPPORT BQUXPMEI^T (Continued) 

r 

sunnnarizes the design, development ^ qualification testing of components and 
I subsystems, manufacturing, tooling and special test equipment, assemibly, 

i checkout/acceptancc, and procurement efforts required to produce complete 

airborne support equipment (prototype or production) configured units "which 

■ satisfy the applicable specification requirements, 'i 

!' i 

This element is subdivided into: | 

1 JffiS TITIJS ;i 

10-0501 UJTEGMTIOIf AHD ASSEMBI^ ; 

; 10-0502 STRUCTURE AND MECHANISM ® ? 

10-0503 ASE AV^IQNICS > 

WBS ELEMEMT IO-O5OI - INTEGRATION AND ASSEMBLY ; 

This element cavers all activities -in integrating, assembling and test- 
ing the lower level ASS elements and systems into a complete segment. In- 
cluded are such items as: the preparation of system specifications and 

schematics; the definition of intra-LES segment interfaces; the preparation 
of assembly and installation drawings; the conduct of final integrated 
development and acceptance tests; the design and manufacture of non-deliverable 
support equipment used to perform the integrated development and acceptance 
tests; preparation and shipment of completed end items. Excluded is the 
Shuttle interface system engineering effort of WBS 10-0402, 

WBS ELEMEI^T 10-0502 - STRUCTURE & MECHANISM 

This element consists of a cradle structure assembly and its accLSSories 
including optional spin table, or spring ejection assembly. The cradle 
structure may include an erection mechanism, and remote controlled latch 
mechanisms. The spin table, when required, includes spin motors and a brake 
system. The spin table is an optional item, required for spinning stages 
only, and used vdthout motors and brake for three axis launches. For some 
deployment approaches, erection may not be required; the stage would be lifted 
out or ejected in a direction perpendicular to the cargo bay center line, 

♦ 

W^ ELEMENT IO-O503 - ASE AVIONICS 

This element includes the ASE Power Control Unit, the ASE Signal/Uata 
Interface Unit, and the Cradle Cabling. The two iinits are installed on the 
cradle but are packaged separately to isolate the signals from power. 

The ASE Poorer Control Unit accepts and transfers Orbiter power to the 
LES, spacecraft umbilical release, ASE Signal/Data Interface Unit, deployment 
mechanism, and spin table (if required). The Signal interfaces are routed 
through the ASE Signal/Uata Interface Unit, „ . . 


A-lU 


WBS EIMl^T 10-^0503 - ASE AVIONICS (Continued) 


The ASE Signal/Data Interface Unit provides any coamand/response interface 
circuitry required, betireien the UES and cradle systems, from these systems 
to the existing payload accommodations and to the mission peculiar control 
and monitor panel. It also provides the caution and warning sensors with 
excitation and signal conditioning compatible with the Orb iter furnished 
caution and Warning Electronics Unit, 

The cradle cabling interfaces the ASE Signal/Data Interface Unit and the 
ASE Poiirer Control Unit to one another, to signal and power umbilical, to the 
deployment mechanism, and, if required, to the spin table and to caution and 
warning sensors on the cradle, 

\JBS ECEMENT 10-0504 - ASS CQI^RQLS AUD DISPLAY 

This element includes the Caution and Warning Panel (Orbiter furnished), 
the Control and Monitor Panel and the Cable Plant. Both panels are installed 
in the Aft Crew Station and are interfaced via Orbiter furnished cabling to 
the above Cable Plant and to existing Orbiter payload accommodations. The 
Cable Plant (of this element) interfaces the Aft Crew station cabling to the 
ASE Signal/Data Interface Unit on the cradle. 

The Control and Monitor Panel provides dedicated switching and indicators 
to activate, checkout, control and monitor the LES and the cradle mounted 
equipment while using the payload accommodations, 

WBS EIEMENT IO-O 6 OO - SOFTWARE 

This element is for the accumulation of all effort and materials re- 
quired to develop and/or procure, checkout, test, deliver and i^-date all 
softvrare for the guidance, ignition , telemetry (t/m) and GSE. Testing 
activities include development, design verification and acceptance testing. 

The software included herein consists of all guidance system softvrare 
such as vendor test software, contractor test software and fli^t software. 
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WBS E»IEKT - 10-0700 - SYSTEM TEST AITO E^ALmTIQH 


This element includes the effort to plan and perform integrated system 
level tests on the LES vehicle and major element interface tests (e.g,, IiSS/ 
Orbiter interfaces, EMI, etc.) for both groimd and flight testing. Included 
are ground test hardware, ground test operations, fljght test hardware, and 
flight test operations. Also included are mocloips, test support and test 
facilities. Hardware for subsystem test and qualification is excluded from 
this element, but is included with their design and development cost. 
Propellants and gases are included under the appropriate test operations. 

This element is subdivided into; 

VJBS TITLE 

10-0701 DE7EL0P>ENT 

10-0702 amiFICATIOH 

10-0703 MOCKUPS 

WBS ELEMBUT IO-O7OI - DEVELOPMBHT 

The development element refers to test planning and use of prototype 
equipment to acquire engineering data and confirm the engineering hypothesis. 
This element encompasses all development, test, and evaluation and includes 
such models and tests as static, drop, and fatigue; integration, ground tests, 
flight test, test instrumentation and test equipment, including its support 
equipment. Additionally the Main Propulsion, RCS, Thermal and Structural 
systems will undergo design verification tests, 

ELEMSET 10-0702 - WLIFIGATIOH 

The Qualification element includes those ground tests conducted to 
primarily determine resistance to environmental conditions, Jfost tests in 
this categori’’ are conducted at component and subsystem level and are excluded 
lere and included with the development cost for hard\rare elements, Ho^'rever, 
the Structural, Thermal, Main Propulsion and RCS Systems are qualified jointly, 
with dummy elements representing the other systems. The cost for tests such 
as Vibration/Acoustics, Thennal Vacuum, electro-magnetic compatibility, etc,, 
will be included here for the noted items, oogether with the qualification 
report document preparation cost* 

WBS ELEIMENT 10-0703 - M3CKUFS 

The mockups element refers to the design, engineering, and production of 
system or subsystem mockups which have special contractual or engineering 
significance, or -vihich are not required solely for the conduct of other test- 
ing* Also, this element refers to the design and fabrication of test hardware 
configurations required to verify and control interfaces for fit, form and 
function* The payload and booster stage interfaces with the delivery stage 
and the LES vehicle interface with the Orbiter are included. Mass mockups of 
spacecraft required for LES vehicle dynamics tests are included* A simulator 
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WBS BLEMEINT 10-0703 - ^DCK0PS (Continued) 


for verifying the interface of liES Avionics ASE as installed in the Orbiter 
is included here. Tooling and fixtures used for production are excluded* 

WBS ELEMENT IO-O8OO - GROmiD SUPPORT EQUIB-ENT 

This element summarises the labor and materials required to design, 
manufacture, procure, assemble, test, checkout, and deliver all the sets of 
GSE hardware and transporting and handling equipment required by the LES, 

This element is subdivided into: 

WBS TITLE 

10-0801 CHSCH)UT 

10-0802 HMIDLING/ASSEMBLY & SEKVICmG 

WBS ELEMENT IO-O8OI - CHSCKDUT 

This element is the summaiy level for all effort and materials associated 
with the hardware required to produce the Test/Checkout/Service Equipment 
required at test facilities. Included in this element is the design develop- 
ment, procurement and/or fabrication, assembly, checkout, test and delivery of 
the hardware associated >jlth the Test/Checkout/Servicing/Equipment, 

WBS ELE^^ENT IO-O802 - HAirDLDIG/AGSBMBLY Sc SERVICING 

This element is the summary level for all effort and materials associated 
with the hardware required for handling/as semhly and transport of the LES 
stage. Included in this element is the design, development, procurement, 
and/or fabrication, assembly, checkout, test and delivery of the hardware 
associated with the LES Handling and Transporting Equipment, 

WBS ELEMENT IO-O9OO - GROUNP OPERATIONS 

This element summarizes all effort associated with the planning, co- 
ordination and implementation of operational activities including maintenance, 
logistics and training for the LES, 

This element is subdivided as follows: 

WBS TITLE 

10-0901 logistics/tradiikg 

10-0902 spaees/repaie parts 

10-0903 


FIELD SUPPORT 


WBS ELEI-EKT IO-O9OI - LOGISTICS/PRA DJIHG 


• ■'C '■ 


I; 

^ h 


4 tf 


? •: 

4 b 




This eleiaent includes all labor and materials for the training, handlin 
and transportation activities req^uired to support the design, d,evelopment, 
operation and maintenance of the LES. 


cr 

a 


Included are the training services, devices, accessories, aids, equipment, 
and parts used to facilitate instruction through which I^SS personnel and 
payload specialists will acquire sufficient concepts, skills, and aptitudes to 
operate and maintain the system vrith maximum efficiency. Also includfid are 
the handling and transportation requirements for the LES during its transit 
mode from the point of manufacture to launch site and intra-site equipment 
movements Also included are the pre-launch and maintenance/refurbishment 
operations and packing/coating/shipraent costs. Additionally, this element 
includes the cost of the contractor personnel that provide technical con- ’ 

siuLtr.tion and support to the HASA personnel training the MSA LES flight and 
ground crews, as well as transportation, inventory control, training aids 
and simulations, 

WBS ELEMENT 10-0902 - SFANES/REPAIR FARTS 

The spares and repair narts element refers to the spare components and 
assemblies used for replacement purposes in major end items of equipment, 

WB3 ELEMENT IO-O 903 - FIELD SUPPORT 

This element refers to the full range of Field Support functions ac- 
complished to support the LES System. It includes off -site planning, 
scheduling, receiving inspection for both LES, ASE and GSS associated test 
and checkout by simulation of flight, shuttle integration operations for LES 
and ASE and servicing. 

The maintenance and/or refurbishment of ASS, GSE, and flight hardware 
takes place in this element. Included are the coordination activities lead- 
ing to the establishment of requirements, field documentation, preparation, 
participation in v/orking groups, liaison between off -site and the home plant, 
post -flight inspection of recoverable ASE and flight hardware, conduct of 
maintenance^ refurbishment tasks, revalidation, functional checkout and 
calibration of test equipment, 

WBS ELEMEITT 10-1000 - FLIGHT OPERATIONS 

This element includes operations and services performed on t: Shuttle 

for the LES System, to perform launching, flight tracking and con^.rol and 
recovery where required, to complete a LES mission. This element would en- 
compass launch, flight and recoveiy operations; airborne system assembly and 
checkout i/here required; and associated activities directly related to the 
mission, including on-board predeployment tests, deployment, and free flight 
monitorirg to the capability of the shuttle orbiter and required ground 
station tracking if required. The effort of providing the operational 
equipments is excluded, 

i 
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APPENDIX B 


TASK 2 COST DATA 


The data included in Appendix B is the preliminary cost infor- 
mation -which provided the basis for Task 2 screening. This preliminary 
information vras refined and enlarged for the final eval-uations of Task 6, 
as explained in paragraph 1.2.3 and 1.2, 3. 4. The costs for a launch 
approach combination can be builtup from the enclosed data as described 
in Volume 11, paragraph 3. Data enclosed in this appendix is as follows: 

o Table 1 Production Cost Summary Sheets , 37 pages 

o Table 2 DDT&E Cost Summary Sheets, 15 pages 

o Table 3 Stage Unit Cost, Stage Development Cost 

and ASE Cost for Task 2 Scenario, 4 pages 

o Table 4 Launch Approach Combinations , 1 page 

o Table 5 Launch Combinations Cost Buildup, 4 pages 

o Table 6 Prop'-ilsion Approach for Reference Mission, 

6 pages 

o Table 7 Propulsion Concept Summary, pages 

Table 1 presents a cost buildup for the booster stage and del- 
ivery stage for all configurations examined. Table 2 is a summary of the 
development costs for each combination of configurations that were investi- 
gated to launch all of the reference missions. Table 3 is a summary of the 
moi'e attractive combinations of launch approaches examined to launch all 
reference missions and includes stage unit costs, development costs and 
ASE costs. Table 4 is a summary of launch approach conibinations and shows 
the launch approach used to launch each reference mission for each combina- 
tion examined. Table 5 presents the detail cost buildup for each combination 
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of launch approaches. Included are program maintenance costs, production 
costs. Shuttle user charges and development costs. Table 6 is a summary of 
all launch approaches examined for each reference mission. Table 7 presents 
conceptual design data for each new propulsion approach examined. 
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!EABtE 1 

LOW EMERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OP DOLLARS 


CONFIGURATION Solid/Solid Tandem - Spinning CODE 3/lC-A-P-T-M-^ 
Star 1+8 /Star 3TS 


10-0201 Integration & Aasembly - Sutitotal 

10-0210 Booster - Subtotal 

10-0211 Integration & ABsenibly - Booster 

10-0212 Structure Booster 

10-0213 Thermal - Booster 

10-0211+- Main Propulsion - Booster 

10-0215 RCS " Booster 

10-0217 GN&sC - Booster 

10-0218 Electrical Power - Booster 

10-0220 Delivery Stage - Subtotal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thermal - Delivery Stage 
10-0224 Main Propulsion - Delivery Stage 
10-0225 RCS - Delivery Stage 
10-0226 Data Mgt/Conmi - Del. Stage 
10-0227 GN&C - DeHvery Stage 
10-0228 Electrical Power - Del. Stage 


RECUR COST 
(FOR 20 VEH) 

($ 715 ) 

($ 14,474 ) 
349 
2,486 

^ 

8,238 


2,685 


710 


($ 19,009 ) 
940 


6 


6,363 

4,179 


»3£Z 

9,568 

380 


10-0200 Total Production - 20 Units 
10-0200 Total Production Cost /Vehicle 

20-0100 User Charge Cost/Vehicle and Payload 



1- 

j 1 oft 


T j700.Q 

$ 

Note 3 


NOTES: 1. For non-recurring costs, see Combinations Summary. 

2. Configurations 1 and 2 have same unit cost as Configuration 3. 

3 . User Charge Cost/Vehicle 





REFERENCE 

MISSION 

CONFIGURATION 

A 

B 

C 

D 

E F 







1 

— 

18,668 




2 

- 

_ 

9,083 

7,183 

7,183 

3 

25.830 

- 

-- 

~r. 

_ _ 
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lEABLE 1 

LOW ENERGY S^TAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OP DOLLARS 

CONFIGURATION Solid/Solid Tandem - Spinning CODE 4 / 2-A-P-S-M-2- 
Star 48/Star 3TP 


RECUR COST 


10-0201 Integration & Aaserobly - Subtotal 

10-0210 Booster - Subtotal 

10-02H Integration & Asseaibly - Booster 

10-0212 Structure Booster 

10-0213 Theimal - Booster 

10-0214 Main Propulsion - Booster 


10-0215 

10-021T 

10-0218 

10-0220 

10-0221 

10-0222 

10-0223 

10-0224 

10-0225 

10-0226 

10-022T 

10-0228 


Res - Booster 

GN&C - Booster 

Electrical Power - Booster 

Delivery Stage - Subtotal 

Integration & Asaeiiibly - Del. Stage 

Structure - Delivery Stage 

Thermal - Delivery Stage 

Main Propiasion - Delivery Stage 

RCS - Delivery Stage 

Data Mgt/Comm - Del. Stage 

GN&C - Delivery Stage 

Electrical Power - Del. Stage 


2,494 

6 _ 

8,238 

2,822 

3,009 


6,493 


10-0200 Total Production - 20 Units 


10-0200 Total Production Cost /Vehicle 


20-0100 User Charge Cost/Vehicle and Payload 

NOTES: 1. For non-recurring costs, see Combinations Summary, 

2. User Charge Cost/Vehicle 


30,854 


1,543 


Note 2 


CONFIGURATION 


REFERENCE MISSION 
BCD 


21 5 -530 


T,946 7,948 
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TABIJS 1 

LOW EHERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OF DOEDARS 

CONFIGURATION Solid/Solid Tandem Consisting of CODE 6/3B-N-P-S-M-2 

STAR 37F(short)/STAR 3TF(5hort) 

RECUR COST 
(FOR 20 VEH) 


10-0201 

Integration fe Assembly - Subtotal 

($ 677 ) 

10-0210 

Booster - Subtotal 

($14,026 ) 

10-0211 

Integration & Asseinbly - Booster 

559 

10-0212 

Structure Booster 

1,137 

10-0213 

Themal - Booster 

6 

IO-O21I1 

Main Propulsion - Booster 

6,493 

lCh0215 

RCS - Booster 

2,822 

10-0217 

GN&C - Booster 

3,009 

10-0218 

Electrical Power - Booster 

- 

10-0220 

Delivery- Stage - Subtotal 

($11,851 ) 

10-0221 

Integration & Assembly - Del. Stage 

663 

10-0222 

Structure - Delivery Stage 

1,040 

10-0223 

Thermal - Delivery Stage 

6 

10-0224 

Main Propulsion - Delivery Stage 

6,363 

10-0225 

RCS - Delivery Stage 

- 

10-0226 

Data Mgt/Comm - Del. Stage 

367 

10-0227 

GN&C - Delivery Stage 

3,032 

10-0228 

Electrical Power - Del. Stage 

380 

10-0200 

Total Production - 20 Units 

$ 26,554 

10-0200 

Total Production Cost /Vehicle 

$ 1,327.7 

20-0100 

User Charge Cost /Vehicle and Payload 

$ NOTE 2 

NOTES: 

1. Configuration 5 has same unit cost as Configuration 6, 

2. User Charge Cost /Vehicle 

REFERENCE MISSION 



CONFIGURATION A B C D K 

“f 


5 - 18,275 - - _ 



6 (Vert.) _ „ _ _ 2,773 



6 (Hor. ) - - _ „ 6,812'" 

3. For non-recurring costs, see Combinations Summary. 

■ 


B-6 


Pg. h of 37 


TABLE 1 

OT 23UERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OF DOLLARS 

COITFIGUEATION Solxd/Solld Tandem Consisting CODE 8/ 3D-N~P~T-M-U 



of STAR 26/STAR 26 




RECUR COST 



(FOR 20 VEH) 

10-0201 

Integration fic Assembly - Subtotal 

547 ) 

10-0210 

Booster - Subtotal 

{$ 6,572 ) 

10-0211 

Integration & Assembly - Booster 

212 

10-0212 

Structure Booster 

759 

10-0213 

Thermal - Booster 

6 

10-0214 

Main Propulsion - Booster 

2.910 

10-0215 

RCS - Booster 

_ 

10-0217 

GR&C - Booster 

2,685 

10-0218 

Electrical Power - Booster 

- 

10-0220 

Delivery Stage - Subtotal 

($15,057 ) 

10-0221 

Integration & AsseBibly - Del. Stage 

919 

10-0222 

Structure - Delivery Stage 

728 

10-0223 

Thermal - Delivery Stage 

6 

10-0224 

Main Propulsion - Delivery Stage 

2,910 

10-0225 

RCS - Delivery Stage 

4,179 

10-0226 

Data J^gt/Comm - Del. Stage 

367 

10-0227 

GR&C - Delivery Stage 

5,568 

10-0228 

Electrical Power - Del, Stage 

380 

10-0200 

Total Production - 20 Units 

$ 22,176 

10-0200 

Total Production Cost /Vehicle 

$ 1.109 

20-0100 

User Charge Cost/Vehicle and Payload 

$ NOTE 2 

ROTES: 

1. Configuration 7 has same unit cost as 

Configuration 8. 


2, User Charge Cost /Vehicle 



REFERENCE 

MISSION 


CONFIGURATION ABC 

D E F 


7 (Vert.) „ 

27^2 


7 (Hor.) - - 7,795 

5,895 


8 24,694 - 



3. For non-recurring costs, see Combinations Summary. 
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TABIE 1 

LOW ENERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OP DOLLARS 


CONFIGURATION Solid Platpack. Design Containing CCDE 9/4A-0-K“-S“M-1 
Six Long Motors 


10-0201 Integration & Assembly - Subtotal 

10-0210 Booster - Subtotal 

10-02U Integration & Assenibly - Booster 

10-0212 Structure Booster 

10-0213 Thermal - Booster 

10-02li^ Main Propulsion - Booster 

10-0215 RCS - Booster 

10-0217 GN&C - Booster 

10-0218 Electrical Fewer - Booster 


10-0220 Delivery Stage - Suhtctal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thermal - Delivery Stage 
10-0224 Main Propulsion - Delivery Stage 
10-0225 RCS - Deliver!- Stage 
10-0226 Data Mgt/Comm - Del. Stage 
10-0227 GN&C - Delivery Stage 
10-0228 Electrical Power - Del. Stage 


RECUR COST 
(FOR 20 VEK) 



N/A 


XL 

N/A 

J 


(| 19>520 ) 

1,083 

2,336 

6 

5>4o4 

2,069 

367 

7,875 

380 


10-0200 Total Production - 20 Units 
10-0200 Total Production Cost/Yehicle 


$ 19,520 
$ 9T6k 


20-0100 User Charge Cost/Vehicle and Payload $ 15,633 

NOTES; 1, Reference Mission B. 


2, For non-recurring costs, see Combinations Summary. 
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table; 1 

LOW EHERGY STAGE STUDY 
PRODUCTION GOST SUMMARY SHEET 
THOUSANDS OP DOLLARS 


CONFIGURATION FXatpack Design Contain- CODE 

ing 4 Short Motors 


10-0201 Integration & Assembly - Subtotal 

10-0210 Booster - Subtotal 

10-02H Integration & Assenibly - Booster 

10-0212 Structiare Booster 

10-0213 TLeimal - Boaster 

IO-O 21 U l&in Propulsion - Booster 

10-0215 RCS - Booster 

10-0217 GN&C - Booster 

10-0218 Ea.ectrical Pow'er - Booster 

10-0220 Delivery Stage - Subtotal 
10-0221 Integration & Assenibly - Del. Stage 
10-0222 Structnr-^ - Delivery Stage 
10-0223 Thermal - Delivery Stage 
10-0221^ Main Propulsion - Delivery Stage 
10-0225 RCS - Delivery Stage 
10-0226 Data J^t/Comm - Del. Stage 
10-0227 GN&C - Delivery Stage 
10-0228 Electrical Pofwer - Del. Stage 


lO/i^B-O-K-S-M-2 


RECUR COST 


(FOR 20 VEH) 


N/A ) 


N/A ) 


18,747 ) 

1,063 

2,336 

6 

3,898 

2,822 

367"" 

7>875 

380 


10-0200 Total Production - 20 Units 
10-0200 Total Production Cost/Vehicle 

20-0100 User Charge Cost/Vehicle and Payload 





i- 

937K 

L. 

Note 2 


NOTES; 1. For non-recurring costs, see Combinations Summary, 
2, User Charge Cost/Vehicle 





REFERENCE MISSION 

CONFIGURATION 


B 

£ 

D E P 

10 (Vert.) 





i^,279" - ■ - 

10 (Hor.) 

- 

“ 

5,939 

i*,039 
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TABLE. 1 

LOW ENERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OF DOLLARS 


CONFIGURATION Solid Flatpack Design Containin g CODE 
6 Short Motors 


10-0201 Integration & Assembly - Subtotal 

10-0210 Booster - Subtotal 

10-0211 Integration & Assembly - Booster 

10-0212 Structure Booster 

10-0213 Theimal - Booster 

10-02llf Main Propulsion - Booster 

10-0215 RCS - Booster 

10-0217 GN&C - Booster 

10-0218 Electrical Power - Booster 

10-0220 Deliveiy Stage - Subtotal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thermal - Delivery Stage 
10-022lt Main Propulsion - Delivery Stage 
10-0225 PCS - Delivery Stage 
10-0226 Data Mgt/Comm - Del* Stage 
10-0227 GN&C - Deliveiy Stage 
10-0228 Electrical Power - Del. Stage 


ll/IiC-O-K-T-M-U 


RECUR COST 
(FOR 20 VEH) 


XL 

N/A 

_) 

IL 

N/A 

) 


($19,^19 ) 

989 
2,336 
6 

h,119 

367 

„ 

380 


10-C200 Total Production - 20 Units 
10-0200 Total Product i cm Cost /Vehicle 

20-0100 User Charge Cost/Vehicle and Payloajd 


$ 19,^19 

$ 22,798 


NOTES: 1. For non-recurring costs, see Combinations Summary, 

2. Reference Mission A. 
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TABLE 1 

LOW ENERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OF DOLLARS 


CONFIGURATION Liquid Quench Solid Motor 


CODE ll|/5C-0-C-T-M-l} 


10-0201 Integration & Assembly - Subtotal 

10-0210 Booster - Subtotal 

10-02H Integration & Assembly - Booster 

10-0212 Structure Booster 

10-0213 Thermal - Booster 

10=02lU Main Propulsion - Booster 

10-0215 5CS - Booster 

10-021T GN&C - Booster 

10-0216 Electrical Power - Booster 

10-0220 Delivery Stage - Subtofcal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thermal - Delivery Stage 
IO-O 22 U Main Propulsion - Delivery Stage 
10-0225 RCS - Delivery Stage 
10-0226 Data Mgt/Comm - Del. Stage 
iO -0227 ®&C - Delivery Stage 

iO -0228 Electrical Power - Del. Stage 


RECUR COST 
(FOR 20 VEH) 

($ N/A ) 

WA ) 


($ 18,536 ) 

956 

1.032 

6 

6,o48 

4,179 

367 

5,568 

38p_._ 


10-0200 Total Product i cm - 20 Units 
10-0200 Total Product icn Cost /Vehicle 

20-0100 User Charge Cost/Yehicle and Payload 


i_l8.536_ 
$ 926.8 

$ Note 3 


NOTES: 1. For non-recurring costs, see Combinations Summary, 

2. Configurations 12 & 13 have snme unit cost as Configuration l4 

3. User charge cost/vehicle 


REFERENCE MISSION 


CONFIGURATION 

12 

13 (Vert.) 

13 CRor.] 

14 


A B 

- 16,9143 


24,127 


D 

4,716 

5,349 


E 

2,642 

5,502 


B-11 
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TABIiE 1 

LOW ENERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OF DOLLARS 


COWTGORKPIOH Solld/Liauld Tandem - Spinning 
Star ^3/Blprop Tatik) 


10-0201 Integration & Assem'bly - Subtotal 

10-0210 Booster - Sutatctal 

10-0211 IntegratiOTi & Assembly - Booster 

10-0212 Structure Booster 

10-0213 Themal - Booster 

10-021U Main Propulsion - Booster 

10-0215 RCS - Booster 

10-021T GN&C - Booster 

10-0218 Electrical Power - Booster 

10-0220 Delivery Stage - Subtotal 
10-0221 Integration S; Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thermal - Delivery Stage 
10-022^ Main Propulsion - Delivery Stage 
10-0225 RCS - Delivery Stage 
10-0226 Data Mgt/Comm - Del. Stage 
10-0227 GN&C - Delivery Stage 
10-0228 Electrical Power - Del. Stage 


CC©E 15/6A-A-B-S-B^1 


RECUR COST 
(FOR 20 VEH) 

■■ ) 

($ 13,709 ) 

338 
1,732 

6 

8,238 


2,685 

710 

($ 20 M9 ) 
1,05? 
1,001 

6 

9,231 

1 , 1^3 

367 

7,26t 

380 


10-0200 Total Production - 20 Units 
10-0200 Total Production Cost /Vehicle 

20-0100 User Charge Cost/Vehicle and Payload 



i- 

3 k ,909 

1- 

1,745 

i. 

Note 3 
■ ' ‘ 


NOTES: 1. For non-recurring costs, see Combinations Simnaary, 

2. Configuration I6 has same unit cost as Configuration 15. 

3. User Charge Cost/Vehicle 




REFERENCE MISSION 

CONFIGURATION 

A 

B 

£ 

D 

E P 

15 


17,489 


___ 


16 CVert.) 

- 

- 


— 

3,930 

16 (Hor.) 

- 

- 

- 

- 

6,026 
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TABLE 1 

LOW EKERGY STAGE STUDY 
PRODUCTIOIT COST SUMMARY SHEET 
THOUSAHDS OF DOLLARS 

CONFIGURATIOIT Biprop Liquid (4 Tank) CODE lT/6C-0~B-3-E--2 


RECUR COST 
(FOR 20 VEH) 


10-0201 

Integration & Assembly - Subtotal 

li 

N/A ; 

10-0210 

Booster - Subtotal 

il 

N/A ; 

10-02U 

10-0212 

10-0213 

10-021U 

10-0215 

10-0217 

10-0218 

Integration & Assembly - Booster 

Structure Booster 

Thermal - Booster 

Main Propulsion - Booster 

ECS - Booster 

GN&C - Booster 

Electrical Fewer - Booster 



10-0220 

Delivery Stage - Subtotal 

11 

l3,648 ' 

10-0221 

Integration & Assembly - Del. Stage 



10-0222 

Structure - Delivery Stage 

„ ,, ^ 

1.001 

10-0223 

Thermal - Delivery Stage 


6 

10-0224 

Main Propulsion - Delivery Stage 


6.667 

10-0225 

RCS - Delivery Stage 


1,956 

10-0226 

Data M^/Comm - Del. Stage 



367 

10-0227 

GNf&C - Delivery Stage 



7,264 

10-0228 

Electrical Power - Del. Stage 

— 

380 

10-0200 

Total Production - 20 Units 

z 

18,648 

10-0200 

Total Production Cost/Vehicle 

i. 

932.4 

20-0100 

ROTES; 

User Charge Cost /Vehicle and Payload 
1. For non-recurring costs , see Combinations Summary. 


Note 2 


2. User Charge Cost/Vehicle 




REFERENCE 

MISSION 



COMFIGURATION 

A 

B 


D 

E 

F 

17 CVert.l 


_ 

_ 

3,930 



IT CHor.l 

“ 

- 

5,939 

4,039 

- 

- 
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TABLE 1 

LOT ENERGY STAGE STUDY 
PRODUCTION COST SIBiMARY SHEET 
THOUSANDS OF DOLLARS 

CONFIGURATION Biprop Liquid (8 Tank; CODE l^/^D-O-B-T-B-i} 


10-0201 Integration & Assembly - Subtotal 

10-0210 Booster - SuLtotal 

10-0211 Integration & Assembly - Booster 

10-0212 Structure Booster 

10-0213 TLemal - Booster 

10-0214 Main Propulsion - Booster 

10-0215 RCS - Booster 

10-0217 GN&C - Booster 

10-0218 Electrical Power - Booster 


RECUR COST 
(FOR 20 VEH) 


iL 

N/A 

) 

ii. 

N/A 





10-0220 Delivery Stage - Subtotal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thermal - Delivery Stage 
10-0224 Main Propulsion - Delivery Stage 
10-0225 RCS - Delivery Stage 
10-0226 Data Mgt/Comm - Del. Stage 
10-0227 GN&C - Delivery Stage 
10-0228 Electrical Power - Del. Stage 


($21,274 ) 

1,051 
1,001 
6 

3,609 

367 

5,873 

380 


10-0200 Total Production - 20 Units 
10-0200 Total Production Cost/Vehicle 

20-0100 User Charge Cost/Yehicle and Payload 


$ 21,274 
$ IQ63.7 
$ 22,598 


NOTES 5 1, For non— recurring costs, see Combinations Summary, 

2. Reference Mission A, 




B-14 


Pg* 12 of 3? 


TABLE 1 

LOW EHERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OF DOIiLARS 

CONFIGURATION Solid/Lig^uid Tandem - Star 37Ey/^ CODE 19/8A-N-B-S-B-1 


10-0201 

Biprop.. 16 Tflnkl , , 

RECUR COST 
(FOR 20 VEH 

($ ^^9 

Integration & Assembly - Subtotal 

10-0210 

Booster - Subtotal 

{$ 7,879 

10-0211 

Integration & Assembly - Booster 

223 

10-0212 

Structure Booster 

— 

10-0213 

Theimal - Booster 

6 

10-0214 

Main Propulsion - Booster 

6,913 ■ 

10-0215 

RCS - Booster - 



10-0217 

GN&C - Booster 

— 

10-0218 

Electrical Power - Booster 

— 

10-0220 

Delivery Stage - Subtotal 

($22,439 

10-0221 

Integration & Assembly - Del. Stage 

1,114 

10-0222 

Structure - Delivery Stage 

990 

10-0223 

Tbermal - Delivery Stage 

6 

10-0224 

Main Propulsion - Delivery Stage 

11,173 

10-0225 

RCS - Delivery Stage 

1,i45 

10-0226 

Data Mgt/Comm - Del. Stage 

.367 

10-0227 

GN&C - Delivery Stage 

7,264 

10-0228 

Electrical Power - Del. Stage 

. . 380 

10-0200 

Total Production - 20 Units 

$ 30,997 

10-0200 

Total Production Cost/Vebicle 

$ 1549.9 

20-0100 

User Charge Cost/Vehicle and Payload 

$ 17,620 


NOTES: 1. For non-recurring costs, see Combinations Summary. 

2. Reference Mission B. 
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TABia; 1 

LOW EMERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OP DOLLARS 

CONPIGURATXOK Tandem - Star 3TE/ 20/8B-N-B-S-B-2 

Off Loaded Blprop (.h Tank) 

RECUR COST 
(FOR 20 VEH) 


lG-0201 

Integration fe Assemb3y - Subtotal 

($ 668 

10-0210 

Booster - Subtotal 

($ 7,879 

10-0231 

Integration & Assembly - Booster 

223 

10-0212 

Structure Booster 

T3T 

10-0213 

Tbeimal - Booster 

6 

10-021U 

Main Propulsion - Booster 

6,913 

10-0215 

RCS - Booster 


^ 10-0217 

GNSsC - Booster 

r- . . . 

10-0218 

Electrical Power - Booster 

. . 

10-0220 

Delivery Stage - Subtotal 

($21,713 

10-0221 

Integration & Assembly - Del. Stage 

3^8 

10-0222 

Structure - Delivery Stage 

opo 

10-0223 

Thermal - Delivery Stage 

-,.6 — 

10-0224 

Main Propulsion - Delivery Stage 

9.662 

10-0225 

RCS - Delivery Stage 

. 1.956_, 

10-0226 

Data Mgt/Coimii - Del. Stage 

.. ,_.36T 

lt>-022T 

GN&C - Delivery Stage 

7,264 

10-0228 

Electrical Power - Del. Stage 

380 

10-0200 

Total Production - 20 Units 

$ 30,260 

10-0200 

Total Production Cost /Vehicle 

^ 1,513 

20-0100 

User Charge Cost /Vehicle and Payload 

$ Note 2 

NOTES: 

1. For non-recurring costs, see Combinations Summary. 

2. User Charge Cost/Vehicle 





REFERENCE 

MISSION 


CONFIGURATION 

A 

B 

£ 

D 

E F 

20 CVert.) 





4 , 345 "' - 

20 CHor.) 

- 

- 

- 

- 

6,135 


b-i6 


TABLE 1 

LOW EMERGY STAGE STUDY 
PBODUCTION COST SUMMARY SHEET 
THOUSAHDS OF DOLLARS 

COITPIGDRATIOII Liquid Biprop - Tank CODE 21/8C-)-B' 


10”0201 Integration & Assembly - Subtotal 

10-0210 Booster - Subtotal 

10-0211 Integration & Assembly - Booster 

10-0212 Structure Booster 

10-0213 Thermal - Booster 

10-02llf Main Propulsion - Booster 

10-0215 RCS - Booster ' 

10-0217 GN&C - Booster 

10-0218 Electrical Power - Booster 

10-0220 Delivery Stage - Subtotal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Siiructure - Delivery Stage 
10-0223 Thermal - Delivery Stage 
10-022J; Main Propulsion - Delivery Stage 
10-0225 RCS - Delivery Stage 
10-0226 Data Mgt/Comm - Del. Stage 
10-0227 GN&C - Dellveiy Stage 
10-0228 Electrical Power - Del. Stage 

10-0200 Total Production - 20 Units 
10-0200 Total Prodncticn Cost/Vehicle 

20-0100 User Charge Cost/Vehicle and Pavload 

NOTES: 1, For non-recurring costs, see Combinations Summary. 

2. User Charge Cost/Vehicle 

REFERENCE MISSION 

CONFIGURATION A B C eT“ e~ 

21 IVert ) - - r k,'l2Y ~ 

21 (Hor.) ^ - 5,939 -^,G39 


S-B-2 

RECUR COST 
(FOR 20 VEH) 

(I N/A ) 
($ ) 


($19,0^2 ) 

922 

^ 

7 .060 



367 

7.26k 

380 


$ 19,0^2 
$ 992.1 

$ Note g 


F 
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lABIiS 1 

LOW EMERGY STAGE STUDY 
PRODUCTION COST StM^IARY SHEET 
THOUSANDS OF DOLLARS 

CONFIGURATION Liquid Biprop - 6 Tank CODE 22/8D-0-B~T-B-U 


RECUR COST 
(FOR 20 VEH) 

10-0201 Integration & Asseinbly - Subtotal ($ N/A ) 

10-0210 Booster - Subtotal ($ ) 

10-0211 Integration & Assembly - Booster 

10-0212 Structure Booster . 

1CW0213 Thermal - Booster 

10-021 Main Propulsion - Booster 

10-0215 RCS - Booster 

10-0217 GN&C - Booster 

10-0218 Electrical Power - Booster 


10-0220 Delivery Stage - Subtotal ($ 20,836 ) 

10-0221 Integration & Asseiably - Del. Stage 1,039 

10-0222 Structure - Delivery Stage 990 

10-0223 Thermal - Delivery Stage 

10-0224 Main Propulsion - Delivery Stage 8,572 

10-0225 RCS - Delivery Stage 3,609 

10-0226 Data Mgt/Coinm - Del. Stage 367 

10-0227 GN&C - Delivery Stage 5 ,873 

10-0228 Electrical Power - Del. Stage 380 


10-0200 Total Production - 20 Units $ . 20 ,836 

10-0200 Total Production Cost /Vehicle $ 104l.8 

20-0100 User Charge Cost/Vehicle and Payload 22,598 


NOTES: 1. For non-recurring costs, see Comhinations Summary. 

2. Reference Mission A 





7^ -r 
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TABIiB 1 

LOW EHERGr STAGE STUDY 
PHODUCTIOK COST SUMMARY SHEET 
THOUSANDS OP DOLLARS 

CONFIGURATION Liq.uid Biprop - 8 Tank CODE ^3/OA-0--B-S"B-l 


10-0201 Integration & Assembly - Subtotal 


10-0210 Booster - Suttotal 

10-0211 Integration & Assembly - Booster 

10-0212 Structure Booster 

10-0213 Thermal - Booster 

10-02li* M^n Propulsion - Booster 

10-0215 RGS - Booster 

10-0217 GN&C - Booster 

10-0218 Electrical Power - Booster 


10-0220 

10-0221 

10-0222 

10-0223 

10-022it 

10-0225 

10-0226 

10-0227 

10-0228 


Delivery Stage - Subtotal 

Integration & Assembly - Del. Stage 

Structure - Delivery Stage 

Thermal - Delivery Stage 

Main Propulsion - Delivery Stage 

ECS - Delivery Steige 

Data Mgt/Comm - Del. Stage 

(H&C - Delivery Stage 

Electrical Power - Del. Stage 


RECUR COST 
(FOR 20 VEH) 


li- 

N/A 

) 

iL. 

J2ZA-. 



($ 2^,971 ) 

1,165 
997 

6 

13,627 

1 , 1^5 

367 

7.26k 

- - - 380 . , 


10-0200 Total Production - 20 Units 
10-0200 Total Production Cost/Vehicle 

20-0100 User Charge Cost/Vehicle and Payload 



L 

2k, 911 

L 

12k8.3 

L 

Note 3 


NOTES; 1. For non-recurring costs, see Combinations Summary. 

2. Configuration 2k has same unit cost as Configuration 23. 

3. User Charge Cost/Vehiele 




REFERENCE 

MISSION 


CONFIGURATION 

A 

B £ 

D 

E ^ P 

23 


16,730 

__ 

- 

2k CVert.) 

__ 



- 

2k (Hor.) 


B-19 


5,230 
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TABIE 1 

LOW ENERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OP DOLLARS 

CONFIGURATION Liquid Biprop - h Tank CqDj; 26/lOD-Q^j 


10-0201 Integration & Assambly - Subtotal 

10-0210 Booster - SuPtotal 

10-0211 Integration & Asseaibly - Booster 

10-0212 Structure Booster 

10-0213 Thermal - Booster 

10-02lit Main Propulsion - Booster 

10-0215 RCS - Booster 

10-0217 GN&C - Booster 

10-0218 Electrical Power - Booster 

10-0220 Delivery Stage - Subtotal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thermal - Delivery Stage 
10-022k Main Propulsion - Delivery Stage 
10-0225 RCS - Delivery Stage 
10-0226 Data Mgt/Ccaimi - Del. Stage 
10-0227 GN&C - Delivery Stage 
10-0228 Electrical Power - Del. Stage 


10-0200 Total Production - 20 Units 
10-0200 Total Production Cost/Vehicle 

20-0100 User Charge Cost/Vehicle and Payload 

NOTES; 1. For non-recurring costs, see Combinations Summary, 

2. Configuration 25 has same unit cost as Configuration 

3, User Charge Cost/Vehicle 


CONFIGURATION 


A 


REFERENCE MISSION 

B C D E.^- 


25 (Vert) 

25 (Hor,) 

26 


- - 6,200 

- 6,850 5,050 

23,810 - - - - 


B-20 




RECUR COST 
(FOR 20 VEH) 

) 

($ W/A ) 


($21,331 ) 

7^^ 

6 

9,288 

— drySog — 

367 

^,873 

380 


$ 21,331 

$1066.5 

^ Note 3 


26. 


F 
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TABLE 1 

LOW EKERGy STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OP DOLLARS 


CONFIGURATION Liquid Biprop Modular vith CODE 
Booster - Spinning MMIII/8 Tan k 

Biprop. 


10-0201 Integration & Assembly - Subtotal 


10-0210 

10-0211 

10-0212 

10-0213 

10-0214 

10-0215 

10-0217 

10-0218 


Booster - Subtotal 

Integration & Assenibly - Booster 

Structure Booster 

Thermal - Booster 

Main Propulsion - Booster 

RCS - Booster 

GN&C - Booster 

Electrical Power - Booster 


10-0220 

10-0221 

10-0222 

10-0223 

10-0224 

10-0225 

10-0226 

10-0227 

10-0228 


Delivery Stage - Subtotal 

Integration & Assembly - Del. Stage 

Structure - Delivery Stage 

Thermal - Delivery Stage 

Main Propulsion - Delivery Stage 

RCS - Delivery Stage 

Data I-Igt/Comm - Del. Stage 

GH&C - Delivery Stage 

Electrical Power - Del. Stage 


27/lOE^A-B-S-B-2 


RECUR COST 
(FOR 20 VEH) 

865 ) 

11,712 ) 

30g 
2,460 

6 

5,546 


^ 

TIP 

1.278 

997 

6 

16,289 
1,956 
367 

7,264 

380 


10-0200 Total Production - 20 Units 
10-0200 Total Production Cost/Vehicle 

20-0100 User Charge Cost /Vehicle and Payload 



i_ 

4i,1i4 

i. 

0 

$ 

9,870 


NOTES; 1. For non-recurring costs, see Combinations Summary, 
2. Reference Mission F 






r 


r:Jb 


? 




B-21 


Ps. 19 of 3T 


TABLE 1 

LOW EKEHGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSAiroS OF DOLLARS 


CONFIGURATION SQlid/Liq.uid Tandem - Spinning CODE 
Star Tank Monoprop 


10-0201 Integration & Assembly - Subtotal 

10-0210 Booster - Subtotal 

10-0211 Integration & Assembly - Booster 

10-0212 Structure Booster 

10-0213 Theimal - Booster 

10-02ll| Main Propulsion - Booster 

10-0215 RCS - Booster 

10-021T GN&C - Booster 

10-0218 Electrical Power - Booster 

10-0220 Delivery Stage - Subtotal 
10-0221 Integration & Assembly - Del, Stage 
10-0222 Structure - Delivery Stage 
10-0223 Theni^ - Delivery Stage 
IO-O22U Main Propulsion - Delivery Stage 
10-0225 RCS - Delivery Stage 
10-0226 Data Mgt/Comm - Del. Stage 
10-0227 GN&C - Delivery Stege 
10-0228 Electrical Power - Del. Stage 


. 28 /TA-A-M-S-M-U 


RECUR COST 
(FOR 20 VEH) 

($ T38 ) 

13,709 ) 
3 38 

— .1,73?-- 



8,238 


2,685 

im_ 

($ 18,918 ) 



1,109 



8,769 


367 

7,264 

380 


10-0200 Total Production - 20 Units 
10-0200 Total Production Cost /Vehicle 

20-0100 User Charge Cost /Vehicle and Payload 




33,365 


1 ,668 


17.644 


NOTES: 


1. For non-recurring costs, see Combinations Summary. 

2. Reference Mission B. 


B-22 


/ Pg. 20 of 3T 


TABLE 1 

L0¥ ESERGY STAGE STUDY 
PRODUCTXOU COST SUMMARY SHEET 
THCUSAKDS OF DOLLARS 

COSTFIGURATIOir Solid/Liquid Tandem - Spinning CODE 29/7B~A^M-S-M-4 


10-0201 

Star 48/2 Tank Monoprop 
Integration & Assembly - Subtotal 

RECUR COST 
(FOR 20 VEH) 

Til ) 

10-0210 

Booster - Subtotal 

($13,709 ) 

10-0211 

Integration & Assembly - Booster 

338 

10-0212 

Structure Booster 



10-0213 

Themol - Booster 

6 

10-0211^ 

Main Propulsion - Booster 

8,238 

10-0215 

RCS - Booster 


10-0217 

GR&C - Booster 

2,685 

10-0218 

Electrical Porwer - Booster 

710 

10-0220 

Delivery Stage - Subtotal 

(j16,6y4 , 

10-0221 

Integration & Assembly - Del. Stage 

959 

10-0222 

Structure - Delivery Stage 

1,109 

10-0223 

Thermal - Delivery Stage 

6 

10-0224 

Main Propulsion - Delivery Stage 

6,589 

10-0225 

RCS - Delivery Stage 

— 

10-0226 

Data Mgt/Comm - Del. Stage 

36^ 

10-0227 

CaJ&C - Delivery Stage 

7,264 

10-0228 

Electrical Power - Del. Stage 

3180 

10-0200 

Total Production - 20 Units 

$ 31,094 

10-0200 

Total Production Cost /Vehicle 

$ 1,555 

20-0100 

User Charge Cost /Vehicle and Payload 

$ Mote 2 

ROTES: 

1. For non-recurring costs, see Combinations Summary. 



2. User Charge Cost /Vehicle 



REFERENCE ftlSSION 


CONFIGURATION 

A B _C D 

E F 

29 (vVrt“.) 

— — _ _ 

4,367 . - 

29 (Hor.) 

24,913 - - 

6,179 


B-23 
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TAHU3 1 

LOW ENERGY STAGE STtlDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OF DOLLARS 

CONFIGURATION Liquid Monoprop - 3 Tank 30/TC-'0-M-S-M-4 


10-0201 Integration & Assembly - Subtotal 

10-0210 Booster - Subtotal 

10-0211 Integration & Asseidbly - Booster 

10-0212 Structure Booster 

10-0213 Theimal - Booster 

10-0211+ Main Propulsion - Booster 

10-0215 RCS - Booster 

10-0217 GN&C - Booster 

10-0218 Electrical Power - Booster 

10-0220 Delivery Stage - Subtotal 
10-0221 Integration & Asseiribly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thennal - Delivery Stage 
10-0224 Mein Propulsion - Delivery Stage 
10-0225 RCS - Delivery Stage 
10-0226 Data Mgt/Comm - Del. Stage 
10-0227 GMC - Dellveiy Stage 
10-0228 Electrical Power - Del. Stage 


RECUR COST 
(FOR 20 VEH) 



N/A j 

($ 

N/A ) 


($ 17 , 77 ^ ) 

991 

1,109 

6 

7,658 


367 

7,264 

380 


10-0200 Total Production - 20 Units 
10-0200 Total Production Cost /Vehicle 

20-0100 User Charge Cost /Vehicle and Payload 


$ 17,775 
$ 888.7 

$ Note 2 


NOTIS: 1. For non-recurring costs, see Combinations Summary, 

2. User Charge Cost/Vehicle 


CONFIGURATION 

30 (Vert) 

30 (Hor. ) 


REFERENCE MISSION 

A B £ D 

- - - 4,214 

3, ‘843 


E 


F 


B-24 
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TABIiE 1 

LOW EBERGY STAGE STUDY 
PRODUCTIOB COST S13MMARY SHEET 
THOUSABIiS OF DOLLARS 

CONFIGURATION Liq.uid Monoprop - 8 Tank qqPji 31/TU-O- 


lG-0201 

10-0210 

1CK0211 

10-0212 

10-0213 

10-021U 

10-0215 

10-0217 

10-0218 


Integration & Assembly - Subtotal 

Booster - Subtotal 

Integration & Assembly - Booster 

Structure Booster 

Themaal - Booster 

Main Propulsion - Booster 

RCS - Booster 

GN&C - Booster 

Electrical Power - Booster 


10-0220 

10-0221 

10-0222 

10-0223 

10-022ii 

10-0225 

10-0226 

10-0227 

10-0228 


Delivery Stage - Subtotal 

Integration & Assembly - Del. Stage 

Structure - Delivery Stage 

Thermal - Delivery Stage 

Main Propulsion - Delivery Stage 

RCS - Delivery Stage 

Data Mgt/CoBim - Del. Stage 

GN&C - Delivery Stage 

Electrical Power - Del. Stage 


10-0200 Total Production - 20 Unxts 
10-0200 Total Producticai Cost/Vebicle 

20-0100 User Charge Cost /Vehicle and Payload 

NOTES: 1. For non-recurring costs g see Combinations Summary, 

2. Reference Miss tor, A. 


B-25 


[-T-M-4 


RECUR COST 
(FOR 20 VEH) 

(.$ N/A ) 
TO /A _■■■) 


\z0J9_- 

1,109 

6 

12,173 


-J.6I 

9,673 

380 


$ 50,907 

$ ioua.3 

$ 22,598 


Pg. 23 of’ 37 


/ 


TABLE 1 

LOW ENERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OF DOLLARS 

CONFIGURATION Liquid Monoprop - it Tank CODE 32/7E-0-M-S-M-it 


10-0201 Integration & Asseably - Subtotal 

10-0210 Booster - SuTatotal 

10-0211 Integration & Assembly - Booster 

10-0212 Strxicture Booster 

10-0213 Themal - Booster 

10-0214 Main Propulsion - Booster 

10-0215 RCS - Booster 

10-0217 GN&C - Booster 

10-0218 Electrical Power - Booster 

10-0220 Delivery Stage - Subtotal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Th-ermal - Delivery Stage 
10-0224 Main Propulsion - Delivery Stage 
10-0225 RCS - Delivery Stage 
10-0226 Data Mgt/Comm - Del. Stage 
10-0227 GN&C - Delivery Stage 
10-0226 Electrical Power - Del. Stage 


RECUR COST 
(FOR 20 VEH) 



N/A ) 

ii_ 

MIA ) 


18,919 ) 
1,024 


1,109 

6 


8,769 


367 


7,264 


380 


10-0200 Total Production - 20 Units 
10-0200 Total Production Cost /Vehicle 

20-0100 User Charge Cost /Vehicle and Payload 



i- 

18,919 

i- 

945.9 


5,742 


NOTES: 1, For non-recurring costs, see Combinations Summary. 

2. Reference Mission C. 


B-26 
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TABLE 1 

L0¥ EMERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OP DOLLARS 

CONFIGURATION Monoprop - 8 Tank Cqde 33/9A-0-M~S-M-if 


RECUR COST 
(FOR 20 VEH) 

10-0201 Integration & Assembly - SuLtotal N/A ) 

10-0210 Booster - Subtotal ($ N/ A ) 

10-0211 Integration & Assembly - Booster 

10-0212 Structure Booster . 

10-0213 Theimal - Booster 

10-0214 Main Propulsion - Booster 

10-0213 ECS - Booster 

10-0217 GN&C - Booster 

10-0218 Electrical Power - Booster 


10-0220 Delivery Stage - Subtotal ($ 29^318 ) 

10-0221 Integration & Assembly - Del. Stage 

10-0222 Structure - Delivery Stage 1,220 

10-0223 Thermal - Delivery Stage 6 

10-0224 Main Propulsion - Delivery Stage 18.966 

10-0225 ECS - Delivery Stage 

10-0226 Data Mgt/Comm - Del. Stage 367 

IO-O227 Of&C - Delivery Stage 7,264 

IO-O228 Electrical Power - Del. Stage 380 


10-0200 To tal Production - 20 Units $ 29,518 

10-0200 Total Production Cost /Yehi ole $ 1475.9 

20-01 00 User Charge Cost /Vehicle and Payload $ ^i4o 


NOTTS: 1. For non-recurring costs, see Comhinations Suramary. 


2, Reference Mission B. 


TABLE 1 

LOW ETiERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OF DOILARS 

CONFIGURATION Liquid Monoprop - k Tark qqjjE 34/9B-0-M-T-M-U 


10-0201 

Integration & Assembly - Subtotal 

RECUR COST 
{FOR 20 VEH) 

($ n/a ) 

10-0210 

Booster - Subtotal 


N/A ) 

10-0211 

10-0212 

Integration & Assembly - Booster 
Structure Booster 



10-0213 

IO-O21I4 

10-0215 

10-021T 

10-0218 

Theimal - Booster 

Main Propulsion - Booster 

RCS - Booster 

GN&C - Booster 

Electrical Power - Booster 

. — 


10-0220 

Delivery Stage - Subtotal 


21,1+77 j 

10-0221 

Integration 6; Assembly - Del. Stage 


1,076 

10-0222 

Structure - Delivery Stage 

- 

815 

l(>-0223 

Tbermal - Delivery Stage 

— 

6 

IO-O22U 

Main Propiilsion - Delivery Stage 


12,960 

10-0225 

RCS - Delivery Stage 

, , 

— 

10-0226 

Data I^/Comin - Del. Stage 

-- . 

367 

10-022T 

GN&C - Delivery Stage 



5,873 

10-0228 

Electrical Power - Del. Stage 

— 

— ^acL— 

10-0200 

Total Production - 20 Units 

^ 

PI j.4.77. 

10-0200 

Total Production Cost /Vehicle 


1073.9 

20-0100 

User Charge Cost/Vehicle and Payload 


23,890 


NOTES: 1, For non-recurring costs, see Combinations Summary. 

2. Reference Mission A. 
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TABIJE 1 

LOW mergy stage study 

PRODUCTION COST SUMMARY SHEET 
THOUSANDS OF DOLLARS 

CONFIGURATION Liquid Monoorop - 2 Tanlt CODE 36/9D-Q-M~S-M-lt 


RECUR COST 
(FOR 20 VEH) 


10-0201 

Integration & Asoembly - Subtotal 

li 

W/A ) 

10-0210 

Booster - Subtotal 


N/A ) 

10-0211 

Integration & Assembly - Booster 



10-0212 

10-0213 

10-021*4 

10-0215 

10-0217 

10-0216 

10-0220 

Struct\ire Booster 

Themal - Booster 

Main Propulsion - Booster 

HCS - Booster 

GN&C - Booster 

Electrical Power - Booster 

Delivery Stage - Subtotal 

($19,204 ) 

10-0221 

Integration & Assembly - Del. Stage 

_ 

1.03^ 

10-0222 

Structure - Delivery Stage 

, JI -, 

669 

10-0223 

Thermal - Delivery Stage 

■ 

6 

10-0224 

Main Propulsion - Delivery Stage 

- 

9,482 

10-0225 

RCS - Delivery Stage 

, 


10-0226 

Data Mgt/Comm - Del. Stage 

. . 

367 

10-0227 

GN&C - Delivery Stage 



7,264 

10-0228 

Electrical Power - Del. Stage 

— 

380 

10-0200 

Total Production - 20 Units 

Z 

19,204 

10-0200 

Total Production Cost /Vehicle 


960.2 

20-0100 

User Charge Cost /Vehicle and Payload 

L. 

Note 3 

NOTES: 

1. For non-recurring costs, see Combinations Sunnnary . 




2 , Configuration 35 has same unit cost as Configuration 36 . 

3 . User Charge Cost/Vehicle 


CONFIGURATION 

35 (Hor.) 

36 (Vert.) 

36 ( Hor . ) 


REFERENCE MISSION 

A B C D E F 

- 6,950 

5,120 


B -29 
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TABLE 1 

LOW EBERGY STAGE STUDY 

pHODUcrioK COST smmci sheei: 

' THOUSADTOS OF DOIiARS 

CONFIGURATION Clustered Solid - 7 Star iT^s 3T/HA-0-K-T-M-l| 


10-0201 Integration & Assembly - Subtotal 

10-0210 Booster - Subtotal 

10-0211 Integration & Assembly - Booster 

10-0212 Structure Booster 

10-0213 Theimal - Booster 

IO-O21U Main Propulsion - Booster 

10-0215 RCS - Booster 

10-021T GN&C - Booster 

10-0218 Electrical Power - Booster 

10-0220 Delivery Stage - Subtotal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thermal - Delivery Stage 
1O-022U Main Propulsion - Delivery Stage 
10-0225 RCS - Delivery Stage 
10-0226 Data M^/Coiran - Del. Stage 
10-022T GN&C - Delivery Stage 
10-0228 Electrical Power - Del. Stage 


RECUR COST 
(FOR 20 VEH) 



W/A 5 


N/A j 


1,078 

2,126 

6 

33,533 

^ ,179 

367 

380 


10-0200 Total Production - 20 Units 
10-0200 Total Production Cost /Vehicle 

20-0100 User Charge Cost/Vehicle and Payload 



L. 

25,237 

L. 

1262 K 

L. 

23,035 


NOTES: 1. For non-recurring costs, see Combinations Summary* 

2. Reference Mission A (Horiz). , 


B-30 
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TABLE 1 

LOW EMERGY STAGE STUDY 
PRODUCTION COST SIM^ARY SHEKP 
THOUSANDS OF DOLLARS 


CONFiCfURATION Clustered Solids - 22 Star . 39/HC-0-K-S-M-2 

lT*s 


RECUR COST 
(FOR 20 VEH) 

10-0201 Integratloa & Assemi)3y - Subtotal ($ N/A ) 

10-0210 Booster - Suttcrfcal ($ ) 

10*-02H Integration & Assembly - Booster 

10-0212 Structure Booster 

10-0213 Thermal - Booster 

10-02li^ Main Propulsion - Booster 

10-0215 RCS - Booster 

10-0217 GN&C - Booster 

10-0218 Electrical Power - Booster 


10-0220 Deli very Stage - Subtotal (^^9? 1^0 ) 

10-0221 Integration & Asse^dbly - Del. Stage 1.678 

10-0222 Structure - Delivery Stage 3.U13 

10-0223 Thermal - Delivery Stage 6 

10-0224 Main Propulsion - Delivery Stage 32^619 

10-0225 RCS - Delivery Stage 2,822 

10-0226 Data %t/CoHim - Del. Stage 367 

10-0227 GN&C - Delivery Stage 7^875 

10-0228 Electrical Power - Del. Stage 380 


10-0200 Total Production - 20 Units 
10-0200 Total Production. Cost/Vehicle 

20-0100 User Charge Cost /Vehicle and Payload 


$ 49,160 

^ 2 - 4 - 58 k 

$ Note 3 


NOTES; 1. For non-recurring costs, see Combinations Summary. 

2. Configuration 38 has same unit cost as Configuration 39. 

3. User Charge Cost/Vehicle 


REFERENCE MISSION 


CONFIGURATION 

38 (HorV) 

39 (Vert.) 

39 (Horiz) 


A B £ 

15,633 - 


D E F 

— — — 

- ■ 4,039 
4,170 


B-31 
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TABTjK’ 1 

LOW EHERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OF DOLLARS 


CONFIGURATION Clustered Solids - 4 Star CODE ^0/llD->-0-K-S-M~g 

IT^s 

RECUR COST 
(FOR SO VEH) 

10-0201 Integration & Assembly - Subtotal ($ N/A ) 

10-0210 Booster - Subtotal {$ N/A ) 

10-02H Integration & Assenibly - Booster 

10-0212 Stmcture Booster 

10-0213 Thermal - Booster 

10-0214 Main Propulsion - Booster 

10-0215 RCS - Booster 

10-0217 GN&C - Booster ____ 

10-0218 Electrical Power - Booster 


10-0220 Delivery Stage - Subtotal ($ 21, u.,'^ ^ 

10-0221 Integration & Assembly - Del. Stage i ,7 pit 

10-0222 Structure - Delivery Stage i ,7S1 

10-0223 Thei*Hial - Delivery Stage 

10-0224 Main Propulsion - Delivery Stage 6^757 

10-0225 RCS - Dellveiy Stage 2,822 

10-0226 Data Mgt/Comin - Del. Stage 367 . 

10-0227 GN&C - Delivery Stage T>S75 

10-0228 Electrical Power - Del. Stage 380 


10-0200 Total Production - 20 Units 
10-0200 Total Production Cost /Vehicle 

20-0100 User Charge Cost /Vehicle and Payload 




21,682 


1'^^V'l 

$ 

Note 2 


NOTES: 1, For non-recurring costs, see Combinations Summary. 

2, User Charge Cost /Vehicle 


CONFIGURATION 
i4 0 (Vert . ) 

4o (Horiz.J 



reference mission 

£ D E F 

- 2 

6,004 -4’i05 - 


B-32 
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TABI^: 1 

LOW EJJERGY STAGE STUDY 
PRODUCTICar cost STM^RY sheet 
TH0USA2TOS OF DOLLARS 


COWPIGURATIOir Solid - Controllable By CqqjI Ul/lgA-Q-C-S-M-l 

Pintle Nozzle-Large 


10-0201 Integration & Assembly - Subtotal 

10-0210 Booster - Subtotal 

10-02H Integration & Assenibly - Booster 

10-0212 Structiore Booster 

10-0213 Thermal ** Boaster 

lO-OSlij- ifein Propulsion - Booster 

10-0215 HCS - Booster 

10-0217 GN&C - Booster 

10-0218 Electrical Power - Booster 

10-0220 Deliyery Stage - Subtotal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thermal - Delivery Stage 
10-022U Main Propulsion - Delivery Stage 
10-0225 RCS - Delivery Stage 
10-0226 Data Wgt/Coimii - Del. Stage 
10-0227 GMC - Delivery Stage 
10-0228 Electrical Power - Del. Stage 


RECUR COST 
(FOR 20 THSH) 



N/A ) 


N/A ) 


($ 17,722 ) 

966 
1 , 0^2 

6 

5,933 

2,Cn9 

367 

6,9 59 

380 


10-0200 

Total Production - 20 Units 

i. 

IT, 722 

10-0200 

Total Production Cost /Vehicle 

1. 

886.1 

20-0100 

User Charge Cost /Vehicle and Payload 

L 

17,183 


NOTES: 1. For non-recurring cor.ts, see Combinations Summary. 

2. Reference Mission B Horiz. 
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TABI^l 1 

LOW ENERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OP DOLLARS 


CONPIGUEATION Solid - Controllable By Pintlgfjp^ i;2/l2B-0^C-'S-M-2 


10-0201 

Nozzle Large 

Integration & Assembly - Subtotal 


RECUR COST 
(FOR 20 VEH) 

W/A ) 

10-0210 

Booster - Subtotal 


($ n/a ) 

10-0211 

10-0212 

10-0213 

10-02li} 

10-0215 

10-0217 

10-0218 

Integration & Assembly - Booster 

Structure Booster 

Thennal - Booster 

Main Propiilsion - Booster 

RCS - Booster 

GN&C - Booster 

Electrical Power - Booster 



10-0220 

Delivery Stage - Subtotal 


($18,796 ) 

10-0221 

Integration & Assembly - Del. Stage 


982 

10-0222 

tit 2 *uct\ire - Delivery Stage 


1,042 

10-0223 

Thermal - Delivery Stage 


6 

10-0224 

Main Propulsion - Delivery Stage 


5,933 

10-0225 

RCS - Delivery Stage 


2,822 

10-0226 

Data M^/Comm - Del. Stage 


367 

10-0227 

GN&C - Delivery Stage 


7,264 

10-0228 

Electrical Power - Del. Stage 


380 

10-0200 

Total Production - 2C Units 


$ 18,796 

10-0200 

Total Production Cost/Vehicle 


$ 939.8 

20-0100 

User Charge Cost/Vehicle and Payload 


$ Note 2 

NOTES: 

1. For non-recurring costs, see Combinations 

2. User Charge Cost /Vehicle 

REFERENCE 

Summary. 

MISSION 



CONFIGURATION A B C D' 

E ■ 

F 


i+,803 2,Ti>T"' - 

7,^89 5,699 5, 7^*2 


B-3i* 


h2 (Vert.) 
h2 (Horiz.) 
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TABLE' 1 

LOW EBERGy STAGE STITOY 
PBODUCTIOH COST SIMMAHY SHEET 
THOUSARDS OF DOLLARS 


COMFIGURATIOB 


Solid-Cantrollable By Pintle CODE ^3/12C-0-C-T-M-4 


Noaale - Large 


10-0201 Integration & Asseaibly - Subtotal 

10-0210 Booster - Sutitotal 

10-0211 Integration & Assembly - Booster 

10-0212 Structure Booster 

10-0213 Theimal - Booster 

10-0214 Propulsion - Booster 

10-0215 ECS - Booster 

10-0217 GN&C - Booster 

10-0218 Electrical Pover - Booster 

10-0220 Delivery Stage - Subtotal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thermal - Delivery Stage 
10-0224 Main Propulsion - Delivery Stage 
10-0225 ECS - Delivery Stage 
10-0226 Data Mgt/Comm - Del. Stage 
10-0227 GN&C - Delivery Stage 
10-0228 Electrical Power - Del. Stage 

10-0200 Total Production - 20 Units 
10-0200 Total Froducticai Cost/Vehlcle 

20-0100 User Charge Cost/Vehicle and Payload 

BOTES: 1. For non-recurring costs, see Combinations Summary. 

2. Reference Mission A (Horiaonfal) . 


RECUE COST 
(FOR 20 VEH) 

N/A ) 

B/A ) 


($ 18.428 


953 


1,042 


5,933 


4,179 


367 


5,568 


380 


$ 18,428 
$ 921.4 

$ 24,345 
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TABLE 1 

LOW ENERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OP DOLLARS 


CONPIGUEATION Solid - Controllable By Pintle CODE ^ ^/l£E--0-C^T->M-^ 
Nozzle - Small 



10-0210 Booster - Subtotal 

10-0211 Integration & Assenfiily - Booster 

10-0212 Structure Booster 

10-0213 Theimal - Booster 

10“02lij Main Propulsion - Booster 

10-0215 RCS - Booster 

10-0217 GN&C - Booster 

10-0218 Electrical Power - Booster 



10-0220 Delivery Stage - Subtotal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thermal - Delivery Stage 
10-022i^ Main Propulsion - Delivery Stage 
10-0225 RCS - Delivery Stage 
10-0226 Data Mst/Comm - Del. Stage 
10-0227 GN&C - Delivery Stage 
10-0228 Electrical Power - Del. Stage 



10-0200 Total Production - 20 Units 
10-0200 Total Producticai Cost/Vehicle 

20-0100 User Charge Cost/Vehicle and Payload 



^ Note 3 


NOTES: 1. For non-recurring costs » see Combinations Summary. 

2, Configuration has same unit cost as Configuration k'^. 

3. User Charge Cost/ Vehicle 

REFERENCE MISSION 

CONFIGURATION B £ D F 

hk (Vert.) - - - 2 , 90 li 

(Hor.) - - • 7,162 5,393 

45 24,039 - - ~ - 
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table 1 

LOW EHERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OF DOLLARS 

CONFIGURATION Solid/Solid Tandem - Unmodifi ecgQDE ^8/13C-A-P-T-M-^ 
Spinning Star 48/Star 26 

RECUR COST 
(FOR go VEH) 


10-0201 

Integration & Assembly - Subtotal 

ii 

691 ) 

10-0210 

Booster - Subtotal 

il 

13,839 ) 

10-0211 

Integration & Assembly - Booster 


300 

10-0212 

Stmcture Booster 


. 2.499 

10-0213 

Themal - Booster 


6 

10-0214 

Main Propulsion - Booster 


8,238 

10-0215 

RCS - Booster 



10-0217 

GN&C - Booster 

, - ^ 

■ 2,683__ 

10-0218 

Electrical Power - Booster 


11]- 

10-0220 

Deliveiy Stage - Subtofcal 

11 

15,458 j 

10-0221 

Integration & Assembly - Del. Stage 


929 

10-0222 

Structure - Delivery Stage 


1,119 

10-0223 

Thermal - Delivery Stage 

_ 

6 

10-0224 

Main Propulsion - Delivery Stage 


2,910 

10-0225 

RCS - Delivery Stage 


4.179 

10-0226 

Data M^/Comm - Del. Stage 


367 

10-0227 

QI&C - Delivery Stage 


5.568 

10-0228 

Electrical Power - Del. Stage 

1 - 

380 

10-0200 

Total Production - 20 Units 

E 

29,988 

10-0200 

Total Production Cost/Vehicle 


1,499 

20-0100 

User Charge Cost/Vehicle and Payload 


Note 3 

NOTES; 

1. For non-recurring costs, see Combinations Summary, 




2. Configuration k6 and hj have same unit cost as Configuration 48. 
3- User Charge Cost /Vehicle 


REFERENCE MISSION 


CONFIGURATION 

ABC 

D 

E 

46 

- 18 j 886 - 



47 

9,323 

7,424 

7,424 

48 

26,048 

— 
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h . TABLE! 

ll LOW EHERGY STAGE STUDY 

PRODUCTION COST SUMMARY SHEET 

; ’ THOUSANDS OF D0 ]jLARS 

CONFIGURATION Solid/Solid Tandem - Unmodified qqde ^9/1^A-A-P“S-M-2 
- Spinning Star iiS/Star 37F 

I f 

i - RECUR COST 

(FOR 20 VEH) 


10-0201 

Integration. & Assembly - Subtotal 

722 

10-0210 

Booster - Subtotal 

($17,177 

10-0211 

Integration & Assembly - Booster 

— 

10-0212 

Structure Booster 

2,494 

10-0213 

Theimal - Booster 

6 

10-0214 

Ifeln Propulsion - Booster 

8,238 

10-0215 

RCS - Booster 

2,069 

10-0217 

GN&C - Booster 

• 3,009 

10-0218 

Electrical Power - Booster 

710 

10-0220 

Delivery Stage - Subtotal 

($ 12,179 

10-0221 

Integration & Assembly - Del. Stage 

672 

10-0222 

Structure - Delivery Stage 

1,229 

10-0223 

Thermal - Delivery Stage 

6 

10-0224 

Main Propulsion - Delivery Stage 

6,493 

10-0225 

ECS - Delivery Stage 

367 

10-0226 

Data Mgt/Comm - Del. Stage 

10-0227 

GN&C - Delivery Stage 

3,032 

10-0228 

Electrical Power - Del. Stage 

380 

10-0200 

Total Production - 20 Units 

$ 30,078 

10-0200 

Total Production Cost/Vehicle 

$ 1,504 

20-0100 

User Charge Cost/Vehicle and Payload 

$ Note 3 

NOTES: 

1, For non-recurring costs » see Combinations Summary. 

49. 


2 . Configuration 50 has same unit cost as Configuration 
3 - User Charge Cost/Vehicle 

REFERENCE MISSION 


CONFIGURATION A B _C D E 

F 


8,liT2 8,1+72 

19,931+ „ - 
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LOW EHERGY STAGE STUDY 
PRODUCTIOII COST SWAHY SHEET 
THOUSANDS OF DOLLARS 

CONFIGURATION Solid/Solid Tant^Rm - St^r 17A/ CODE 
Star 17 


10-0201 Integration. & Assembly - Subtotal 


10-0210 

10-0211 

10-0212 

10-0213 

10-02ll^ 

10-0215 

10-0217 

10-0216 


Booster - SuHtctal 

Integration & Assembly - Booster 

Structiire Booster 

Thermal - Booster 

l^ain Propulsion - Booster 

RCS - Booster 

GN&C - Booster 

Electrical Power - Booster 


10-0220 Delivery Stage - Subtotal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thermal - Delivery Stage 
10-022^1 Main Propulsion - Delivery Stage 
10-0225 RCS - Delivery Stage 
IO-O226 Data I^/Comm - Del. Stage 
10-0227 GN&C - Delivery Stage 
IO-O228 Electrical Power - Del, Stage 


10-0200 Total Production - 20 Units 
10-0200 Total Production Cost/Yehicle 

20-0100 User Charge Cost/Vehicle and Payload 


RECUR COST 
(FOR 20 VEH) 

($ 50U ) 

($ 5.6q 6 ) 
I3l 
69k 

6 

2,04o 

2,685 


(^ 13,722 ) 

846 
692 

6 

1,684 

4,179 

367 

5,568 

380 



$ 

19,832 

$ 

992 

$ 

Note 2 


NOTES: 1. For non-recurring costs, see Comhir.ations Summary, 


2. User Charge Cost /Vehicle 


CONFIGURATION A 


REFERENCE MISSION 
B C D E 


51 


7,576 3,219 
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TABLE 1 

LOW ENERGY STAGE STUDY 
PRODUCTION COST SUMMARY SHEET 
THOUSANDS OF DOLLARS 

CONFIGURATION INTEGRAL Qi@ ___ CODE I 


10—0201 Ictegration & Aaseitibly - Subtotal 

10-0210 Booster - Subtotal 

10-0211 Integration & Assecibly - Booster 

10-0212 Structure Booster 

10-0213 Thermal - Booster 

10-0214 Main Propulsion - Booster 

10-0215 RCS - Booster 

10-0217 GN&C - Booster 

10-0218 Electrical Pover - Booster 

10-0220 Deli'vei^'' Stage - Subtotal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Therrial - Delivery Stage 
10-0224 Main Propulsion - Delivery Stage 
10-0225 RCS - Delivery Stage 
10-0226 Data 2!^/Coiiim - Del. Stage 
10-0227 GN'iC - Delivery Stage 
10-0228 Electrical Power - Del. Stage 

10-0200 Total Production - 20 Units 
10-0200 Total Production Cost /Vehicle 

20-0100 User Charge Cost/Vehicle and Payload 
NOTES: 1, Reference Mission A, 


RECUR COST 
(FOR 20 VER) 


($ 

) 

($ 

) 



$ 

$ n/a 

$ 21.497 

(Note l7 




B-4o 



10-0210 

Booster - Subtotal (Soinninq Minuteman III) 

SL 

1,745 ) 

10-0211 

Integration & Assembly - Booster 


. ID.l __ . 

10-0212 

Structure - Booster 


927 

10-0213 

Thermal - Booster 

« 


(Note 2) 

10-0214 

Main Propulsion - Booster 


655 

10-0215 

RCS - Booster 


(Note 2) 

10-021T 

GN&C - Booster 


62 

JLO-0218 

Electrical Power - Booster 


(Note 2) 

10-0220 

Delivery Stage - Subtotal 

XI. 

16,748 ) 

10-0221 

Integration & Assembly - Del. Stage 


2,140 

10-0222 

Structure - Delivery Stage 


50 « 

10-0223 

Thermal - Delivery Stage 


^_ UQ . _ 

10-0224 

Main Propulsion - Delivery Stage 


6,100 

10-0225 

PCS - Delivery Stage 

(Inci 

. with 10-0224) 

10-0226 

Data Mgt/Comm - Del. Stage 


_._..226 . 

10-0227 

GN&C - Delivery Stage 


6,494 

10-0228 

Electrical Power - Del. Stage 


1 .170 


10-0200 Total Development Cost j 19,784 

lotes: 1. Mission A; Configuration No. I, Integral QMS 

Mission B; Configuration No. 23, 8 Tank Liquid Biprop^ 

Missions C & D; Configuration No. 25, 4 Tank Liquid Biprop 
Mission E; Configuration No. 24, 8 Tank Liquid Biprop 
* Mission F; Configuration No. 27, Spinning Minuteman IIT/8 Tank Liquid Biprop 
2. Development cost for these items is shown as part of WBS 10-0212. A pro- 
rated amount of previous development cost is Included there. 



TAELS 2 Page 2 of 15 

liO^r energy stage study 

DDT&E COST SUMMARY SHEET 
THOUSANDS OF DOLLARS 


C0I©INATI0N 1^0- ■ Combines Configurations 

No. 4, 9, 12, 32 and 51 (a mixed group 
of propulsion approaches) v/ith I (Q MS) 


DDT&E COST 


10‘-0201 Integration & Assembly - Subtotal ($ 2,051 ^ 

10-0210 Booster - Subtot. il (Spinning Star 48 + Star 17A) 3,617 ^ 

10-0211 Integration & Assembly - Booster 


10-0212 Structure - Booster ' 

10-0213 Thermal - Booster , 55 

IO-O21U Main Propulsion - Booster 1 >450 

10-0215 PCS - Booster ■ (Note 2) . 

10-0217 GN&C - Booster 62 

10-0218 Electrical Fover - Booster (Note 2) 


10-0220 Delivery Stage - Subtotal 
10-0221 Integration & Assembly - Del, Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thermal •- De livery Stage 
10-0224 Main Propulsion - Delivery Stage 
IO-O 225 RCS - Delivery Stage 
IO-O 226 Data Mgt/Conmi - Del, Stage 
IO -0227 GK&C - Delivery Stage 
10-0228 Electrical Power - Del. Stage 


44,694 ^ 

6.J88- 

2,654 

275 

21 ,713 

(Jncl. W/1Q-22 4) 

241 

10,683 
2,340 


10-0200 Total Development Cost 


$ 50,362 


Notes : 1 . 


2 , 


Mission A; Configuration No, 
Mission B; Configuration No. 
Mission C; Configuration No. 
Mission O’, Configuration No. 
Mission E; Configuration No. 


I, Integral QMS 

9, Flatpack - 6 Long Motors 

32, Liquid Monoprop - 4 tank 

51, Solid/Solid Tandem, Star 17A/Star 17 

4, Solid/Solid Tandem, Spinning Star 48/ 


Star 37F 


Development cost for these items 1s shown as part of WBS 10-0212. A 
prorated amount of previous development cost for Spinning Star 48 is 
included there. 
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LOW EHERGY STAGE STUDY 
DDT8E COST SUMMARY SHEET 
THOUSANDS OF DOLLARS 


COMBINATION ” CoTTibinss CoTvfi 


10-0201 

No. 9 and }0 (Flatpacks) with No. 4 
(Solid/Solid Tandem) and I (OMS) 

Integration & Assembly - Subtotal 

DDT&E COST 
(4 1.144 ) 

10-0210 

Booster - Subtotal (Spinning Star 48) 

ii_ 

2,286 ) 

10-0211 

Integration & Assembly - Booster 


221 

10-0212 

Structure - Booster 

V 

r,461 

10-0213 

Thermal - Booster 


(Note 2) 

10-0214 

1-fain Propulsion - Booster 


850 

10-0215 

RCS - Booster 


(Note 2) 

10-021T 

GN&C - Booster 


62 

AO- 0213 

Electrical Power - Booster 


(Note 2) 

10-0220 

Delivery Stage - Subtotal 

li_ 

28,566 j 

10-0221 

Integration & Assembly - Del. Stage 


6,118 

10-0222 

Structure - Delivery Stage 


1,437 

10-0223 

Thermal - Delivery Stage 


no 

10-0224 

Main Propulsion - Delivery Stage 


6,338 

10-0225 

RCS - Delivery Stage 


2,686 

10-0226 

Data Mgt/Comm - Del. Stage 


211 

10-022T 

GN&C - Delivery Stage 


10,683 

10-0228 

Electrical Power - Del. Stage 


983 

10-0200 

Total Development Cost 

$ 

31 ,996 

Notes; 

1, Mission A; Configuration No. 1, Integral 

OMS 



Mission B; Configuration No. 9, Flaipack, 6 Long Motors 
Missions C & D; Configuration No. 10, Flatpack, 4 Short Motors 
Missions E & F; Configuration No. 4, Solid/Solid Tandem, Spinning 


Star 48/Star 37F ^ 

Z. Development cost for these items is shown as part of WBS 10-0212. 

A prorated amount of previous development cost for Spinning Star 48 
is included there. 
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0 

. TABLE 2 

f LOW EMERGY STAGE STUDY 

” DDT&E COST SUMMARY SHEE:^ 

, . THOUSANDS OF DOLLARS 


COMBINATION " Combines Configurations 


10-0201 

No. 9, 10, & 11 (Solid Motor tlat- 
packs) with No. 4 (Solid/Solid Tandem) 

Integration & Assenibly - Subtotal 

DDT&E COST 
($ 1,144 

10-0210 

Booster - Subtotal fSpinnino Star 48) 

li. 

2,286 

10-0211 

Integration Sc Assembly - Booster 


221 

10-0212 

Structure - Booster 


1,153 

10-0213 

Thermal - Booster 

{Note 2) 

IO- 021 I 4 

Main Propulsion - Booster 




10-0215 

RCS - Booster 

(Note 2) 

10-0217 

GN&C - Booster 


62 

JLO -0218 

Electrical Power - Booster 

(Note 2) 

10-0220 

Delivery Stage - Subtotal 


32,409 

10-0221 

Integration & Assembly - Del. Stage 


5,722 

10-0222 

Structure - Delivery Stage 


1,437 

10-0223 

Thermal - Delivery Sv:age 


no 

10-0224 

Main Propulsion - Delivery Stage 


6,908 

10-0225 

ECS - Delivery Stage 


3,104 

10-0226 

Data Mgt/Coumi - Del. Stage 


226 

10-0227 

GN&C - Delivery Stage 


13,872 

10-0228 

Electrical Power - Del. Stage 

— 



10-0200 

Total Development Cost 


35,839 

Notes: 

1. Mission A;Configuration No. 11, Flatpack with 

6 Short 

Motors 


Mission B; Configuration No. 9, Flatpack with 6 Long Motors 
Missions C & D; Configuration No. 10* Flatpack with 4 Short Motors 
Missions E & F; Configuration No. 4, Solid/SoliJ Tandem - Spinning 
Star 48/Star 37F 

-2. Development cost for these items is shown as part of WBS 10-0212. 

A prorated amount of previous development cost for Spinning Star 48 
is included there. 


.4.; V .. . V 
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2 

im EKERGY STAGE STUDY 
DDT&E COST SUMMARY SHEET 
THOUSANDS OP DOLLARS 

COMBINATION No. 52 - Combines Configurations 

No. 23> 24, 25 > 36 & 27 (all Liqui d 

Bl&ro p .sl 

10-0201 Integration & Assembly - Subtotal 

10-0210 Booster - Subtotal (Spinning Minuteman III) 

10-0211 Integration & Assenifaly - Booster 

10-0212 Structure - Booster 

10-0213 Theimal - Booster 

IO-O21U Main Propulsion - Booster 

10-0215 ECS - Booster 

10-0217 Gir&C - Booster 

I.O-O218 Electrical Power - Booster 

10-0220 Delivery Stage - Subtotal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thermal - Delivery Stage 
IO-O22I} Main Propulsion - Delivery Stage 
10-0225 ECS - Delivery Stage 
IO-O226 Data Mgt/CoDim - Del. Stage 
10-0227 GW&C - Delivery Stage 
10-0228 Electrical Power - Del. Stage 


DDT&E COST 

($ 1.291 ) 

($ U745 ) 

101 
927 
(Note 2) 

655 
(Note Z) 

62 

(Note 2) 

($ 20.478 ) 

2,502 

508 

110 

6,100 

(Inci in 10-02 24) 

241 

9,683 

1,334 


10-0200 Total Davelopment Cost $ 23,514 

Notes: 1. Mission A; Configuration No, 26, 4-tan‘k Liquid Biprop 
Mission B; Configuration No. 23, 8-tank Liquid Biprop ^ 

Missions C & D; Configuration No, 25, 4-tank Liquid Biprop 
Mission E; Configuration No. 24, 8-tank Liquid Biprop 
Mission F; Configuration No, 27, Spinning Minuteman III/8-tank 
Liquid Biprop 

2. Development cost for these items is shown as part of WBS 10-0212. 
A prorated amount of previous development cost for Spinning MMIII 
is included there. 
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TAETiE 2 

LOW ESIERGY STAGE STUDY 
DDTfisE COST SUMMARY SHEEC 
THOUSANDS OF DOLLARS 


COMBINATION ^0* ” Conibines Cori'flQUirsitions 

No. 33, 35, & 36 (Liquid Monoprops) 

with No. 4 (Solid/Solid Tandem) 
and I (QMS) 

10-0201 Integration & Assembly - Subtotal 

10-0210 Booster - Subtotal (Spinning Star 48) 

10-0211 Integration & Assembly - Booster 

10-0212 Structure - Booster 

10-0213 Thermal - Booster 

10-0214 Main Propulsion ™ Booster 

10-0215 RCS - Booster 

10-0217 GW&C - Booster 

10-0218 Electrical Po¥er - Booster 


DDT&E COST 


11. 

1, 

,144 : 

11 

2: 

.286 : 

221 


1 

,153 

(Note 

2) 

850 

(Note 

2) 

62K 

(Note 

2) 


10-0220 Delivery Stage - Subtotal ($ 20,80 9 ) 

10-0221 Integration & Assembly - Del. Stage 3,110 

10-0222 Structure - Delivery Stage 1 ; 35 

10-0223 Thermal - Delivery Stage 1 65 

10-0224 Main Propulsion - Delivery Stage 6,932 

10-0225 RCS - Delivery Stage 1^343 

10-0226 Data Mgt/Comm - Del. Stage , ^^6 

10-0227 GN&C - Delivery Stage 6,494 

10-0228 Electrical Power - Del. Stage " 1 


10-0200 Total Development Cost 


$ 24,239 


Notes: 1. Mission A; Configuration No. I, IntegVal OMS^ 

Mission B; Configuration No. 33, 8-tank Liquid Monoprop 
Mission C; Configuration 35, 2- tank Liquid Monoprop 
Mission D; Configuration No. 36, 2-tank Liquid Monoprop 
Missions E & F; Configuration. No. 4, Solid/Solid Tandem - Spinning 
Star 48/Star 37E 

2. Development cost for these items is shown as part of WBS_ 10-021 2. 

A prorated amount of previous development cost for Spinning Star 
48 is included there. 
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TABLE 2 Page 7 of 15 "I 

im ENERGY STAGE STUDY 
DDT&E COST SUMMARY SHEET 

THOUSANDS OE DOLLARS - 

• sip 

COMBINATION No. ^4 - Combines Cptif igurations No. 33» — 

3^3 35 j & 36 (Liquid Monopropa) ^ ^ 


with No. 4 (Solxd/Solxd Tajidem) DDT&E COST 




1,144 


% 

10-0201 

Integration & Aseeniblv - Subtotal 


) 

V 

do 

10-0210 

Booster - Subtotal (Spinning Star 481 

2,286 

) 

— 

10-0211 

Integration & Assembly - Booster 

r 221 


f. 

no 

10-0212 

Structure - Booster 

' 1,153 



10-0213 

Theimal - Booster 

' (Note 2} 



IO-O 21 I 1 

Main Propulsion - Booster 

850 



10-0215 

RCS - Booster 

(Note 2) 



10-021T 

GN&C - Booster 

62 



;L 0-0218 

Electrical Rover -> Booster 

(Note 2) 


-- 

10-0220 

Delivery Stage - Subtotal 

($ 25,566 

) 

« ii 

10-0221 

Integration & Assembly - Del. Stage 

3,866 



10-0222 

Structure - Delivery Stage 

1,295 



10-0223 

Thermal - Delivery Stage 

220 


- 7 

10 - 022 lt 

Ifein Propulsion - Deliveiy Stage 

7,280 



10-0225 

RCS - Delivery Stage 

1,343 


„ . 

10-0226 

Data Mgt/Comra - Del. Stage 

241 



10-0227 

GN&C - Delivery Stage 

9,683 



10-0228 

Electrical Power - Del. Stage 

1,638 



10-0200 

Total Development Cost 

$ 28,996 



Notes : 

1. Mission A; Configuration No, +34, 

3 Tank Liquid Monoprop 



Mission B; Configuration No, 33, 8 Tank Liquid Monoprop 

Mission C; Configuration No. 35, 2 Tank Liquid Monoprop 

Mission D; Configuration No, 36, 2 Tank Liquid Monoprop 

Missions E & F; Configuration No. 4, Solid/Solid Tandem - 

Spinning Star 48/Star 37E 

Development cost for these items is shown as part of 
WBS 10-0212. A prorated amount of previous development 
cost for Spinning Star 48 is included there. 
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0!ABLE 2 

LOW ENERGY STAGE STUDY 
DDT&E COST SUMMARY SHEET 
THOUSAIIDS OF DOLLARS 


COMBLHATIOW ~ Combi nss Con fi tions 

NO. 23, 25 and 27 (Liquid Bi props) 

with No. 52 (Solid/Flatpack) and I (OMS) 

10-0201 Integration & Asseiribly - Subtotal 

10-0210 Booster - Subtotal (Spinning Star 48 + Spinning 

10-0211 Integration & Assembly - 

10-0212 Structure - Booster 

10-0213 Thermal - Booster 

10“0214 Main Propulsion - Booster 

10-0215 RCS - Booster 

10-021T GN&C - Booster 

J.O-O 218 Electrical. Power - Booster 

10-0220 Delivery Stage - Subtotal 

10-0221 Integration St Assembly - Del. Stage 

10-0222 Structure - Delivery Stage 

10-0223 Thermal - Delivery Stage 

IO-O 22 U Main Propulsion - Delivery Stage 

IO-O 225 RCS - Delivery Stage 

IO-O 226 Data. Mgt/Coinm - Del. Stage 

10-0227 GM&C " Delivery Stage 

10- 022 8 Electrical Power - Del. Stage 


DDT&E COST 

($ 2>435 ) 

3,292 ) 

23,? 

1.493 

^Note 2) 

1~505 
(Note 2) 

62 

{M U ? ) 

($ 18.859 ) 

2.905 

1.448 __ __ 

165 

6.10Q 

find, w 10-22 4) 
226 

6.494 
1.521 


10-0200 Total Development Cost ‘ $ 24,586 

Notes: 1. Mission Aj Configuration No. I, Integral QMS 

Miffion B; Configuration No. 23, 8 Tank Liquid Biprop 
Missions C & D; Configuration No. 25, 4 Tank Liquid Biprop 
Mission E; Configuration No. 52, Star 48/F1atpack - 4 Short Motors 
Mission F; Configuration No. 27, Spinning Minuteman III/8 Tank 
Liquid Biprop 

2. Development cost for these items are shown as part of WB$ 10-0212. 
A prorated amount of previous development cost is involved here 
for both stages. 
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TAHiS 2 

LOW ENERGY STAGE STUDY 
DDT&E COST SUMMARY SHEET 
THOUSANDS OP DOLLARS 


COMBINATION No. 56 - Combines Configurations 



No. 12 and 13 (Liquid Quench Solids) 
with No. 4 (Solid/Solid Tandem) and I (OMS) 

DDT&E COST 

10-0201 

Integration & Assentbly - Subtotal 


M 44 ) 

10-0210 

Booster - Subtotal (Soinninq Star 48 ) 

UL 

2, '286 ) 

10-0211 

Integration & Assembly - Booster 


221 

10-0212 

Structure - Booster 


1,153 

10-0213 

Thermal - Booster 


(Note 2) 

10-0214 

Main Propulsion - Booster 


850 — 

10-0215 

RCS - Booster 


(Note 2 ) 

10-021T 

GW&C - Booster 


62 

10-0218 

Electrical Power - Booster 


.-(Nnte 

10-0220 

Delivery Stage - Subtotal 


27,857 ) 

10-0221 

Integration & Assembly - Del. Stage 


3-.68T _ 

10-0222 

Structure - Delivery Stage 




10-0223 

Thermal - Deliveiy Stage 


I 1 I 1 _ 

10-0224 

Main Propulsion - Delivery Stage 


12.754 

10-0225 

RCS - Delivery Stage 


2.686 

10-0226 

Data Mgt/Comm - Del. Stage 


211 

10-0227 

GN&C - Delivery Stage 


6.494 

10-0228 

Electrical Power - Del. Stage 

» 4 *. 

— 

983 

10-0200 

Total Development Cost 

$ 

31,287 


Notes: 1. Mission A; Configuration No. I, Integral QMS 

Mission B; Configuration No. 12, Solid-Liquid Quench 
Missions *C, D, & E; Configuration No. 13, Solid-Liquid Quench 
Mission F; Configuration No. 4, Solid/Solid Tandem - Spinning Star 48/ 
Star 37E 

2. Development cost for these items is shown as part of WBS 10-0212. 

A prorated amount of previous development cost for Spinning Star 48 
is included there. 
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table 2 

LOW ENERGY STAGE STUDY 
DDT&E COST SUMMARY SHEET 
THOUSANDS OT DOLLARS 

COMBINATION " Combines Configurations 

No. 41 and 42 (Pintle Solids) with 
No. 4 {SolTd/Sol1d-Tandem) and M OMS) 

10-0201 Integration & AsseiiiblY ~ Subtotal 

10-0210 Booster - SuLtotai (Spinning Star 48) 

10-0211 Integration & Assembly - Booster 

10-0212 Structure - Booster 

10-0213 Thermal - Booster 

10-0211+ Main Propulsion - Booster 

10-0215 RCS - Booster 

10-0217 GN&C - Booster 

10-0218 Electrical Pover - Booster 

10-0220 Delivery Stage - Subtotal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thermal - Delivery Stage 
10-0224 Main Propulsion - Delivery Stage 
10-0225 RCS - Delivery Stage 
10-0226 Data. Mgt/Comm - Del. Stage 
10-0227 GN&C - Delivery Stage 
10-0228 Electrical Power - Del, Stage 


DDT&E COST 

($ M44 ) 

($ 2,286 ) 

221 



LN.Q_te_. .2 )_ 

850 

(Note 2) 

62 

(Note 2 ) 

($ 25,698 ) 

3.469 
942 

no 

10,804 

2,686 

211 

6,494 

983 


10-0200 Total Development Cost $ 29,128 

Notes: 1. Mission A; Configuration I, Integral OMS 

Mission B; Configuration No. 41, Pintle Solid-Large 
Missions C, D, & E; Configuration No. 42, Pintle Solid-Large 
Mission F; Configuration No. 4, Solid/Solid Tandem - Spinning 
Star 48/Star 37E 

2. Development cost for these items is shown as part of WBS 10-0212. 
A prorated amount of previous development cost for Spinning Star 
48 is included there. 
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TAME 2 

LOW EI5ERGY STAGE STUDY 
DDT&E COST SUMMAEY SHEET 
THOUSANDS OF DOLLARS 


COMBINATION ^8 •“ Combines Combinations 

No. 38, 39 and 40 (Clustered Solids) 
with No. 4 (Solid/Solid Tandem) an d I (OHS) 


10-0201 Integration & Assembly - Subtotal 


10-0210 Booster - Subtotal (Spinning Star 48) 

10-0211 Integration & Assembly - Booster 

10-0212 Structure - Booster 

10-0213 Thermal - Booster 

10-0211+ Main Propulsion - Booster 

10-0215 RCS - Booster 

10-0217 GN&C - Booster 

1.0-0218 Electrical Pover - Booster 


DDT&E COST 

($ 1>144 ) 

2,286 ) 


221 



62 

(Note 2) 


10-0220 Delivery Stage - Subtotal 
10-0221 Integration & Assembly - Del. Stage 
10-0222 Structure - Delivery Stage 
10-0223 Thermal - Delivery Stage 
10-0221; Main Propulsion - Deliveiy Stage 
10-0225 RCS - Delivery Stage 
10-0226 Data Mgt/Comm - Del. Stage 
10-0227 GN&C - Delivery Stage 
10-0228 Electrical Power - Del. Stage 



10-0200 


Total Development Cost 


$ 34,325 


Notes: 1. Mission A; Configuration No. I, Integral OHS 

Mission B; Configuration No. 38, Clustered Solids-22 Star 17s 
Missions C & D; Configuration No, 40, Clustered Solids - 4 Star 17s 
Mission E; Configuration No. 39, Clustered Solids - 22 Star 17s 
Mission F; Configuration No. 4, Solid/Solid tandem - Spinning Star 
48/Star 37E 

2. Development cost for these items is shown as part of WBS 10-0212. 

A prorated amount of previous development cost for Spinning Star 
48 is included there. 
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TABLE 2 

LOW energy stags study 

DDT&E COST SUMMARY SHEET 
THOUSANDS OF DOLLARS 


COMBINATION No. 60 - Combines Configurations No* 

4 and 51 (Solid/Solid Tandems) wi th 
I (Integral QMS) 

10-0201 Integration & Assembly - Subtotal 

10-0210 Booster - Subtotal (Spinning Star 48 and Star 17A) 
10-0211 Integration & Assembly - Booster 
10-0212 Structure - Booster 

I 

10-0213 Thermal - Booster 

10-021 it Main Propulsion - Booster 

10-0215 RCS - Booster 

10-0217 GW&C - Booster 

10-0218 Electrical Power - Booster 


DDT&E COST 
($ ) 

589 

U461 

55 

1,450 

(Note 2) 

62 

(Note 2} 


10-0220 Delivery Stage - Subtotal ($ 15^369 ^ 

10-0221 Integration & Assembly - Del. Stage 2,708 

10-0222 Structure - Delivery Stage 820 

10-0223 Thermal - Delivery Stage HQ 

10-022it Main Propulsion - Delivery Stage 1 ,404 

10-0225 RCS - Delivery Stage ^>686 

10-0226 Data Mgt/Comm - Del. Stage 2 f 1 

10-0227 GMC - Delivery Stage 6.494 

10-0228 Electrical Power - Del. Stage ^36 


10-0200 Total Development Cost $ 20,995 

Notes: 1. Mission A; Configuration No- I, Integral OMS 

Missions B, E, & F; Configuration No. 4, Solid/Solid Tandem - Spinning 
Star 48/Star 37E 

Missions C & D; Configuration No. 51, Solid/Solid Tandem - Star 17A/Star 1 
2. Development cost for these items are shown as part of WBS 10-0212. 

A prorated amount of previous development cost is included here for 
Spinning Star 48. 
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mSLE 2 

LOW ENERGY STAGE STUDY 
DDT&E COST SUMMARY SHEET 
THOUSANDS OP DOLLARS 


COMBINATION No. 61 “ Combines Configurations 



No. 41, 42, & 44 (Solid - Controllable 
Pintle Nozzles) with ^ (Solid/Solid 

DDT&E COST 

10-0201 

Tandem) and I fOMS) 
Integration & Asseiriblv - Subtotal 

(^ 

1,144 ) 

10-0210 

Booster - Sulitotai (Spinning Star 48) 

($ 

2,286 ) 

10-0211 

Integration & Assembly - Booster 


221 

10-0212 

Structure - Booster 



10-0213 

Thermal - Booster 


(Note 2 ) 

10-0214 

Main Propulsion - Booster 


_____ 850 

10-0215 

RCS - Booster 


(Note 2) 

10-0217 

GN&C - Booster 

■_ 

62 

10-0218 

Electrical Power - Booster 


(Note 2} 

10-0220 

Delivery Stage - Subtotal 

($ 

32,924 ) 

10-0221 

Integration & Assembly - Del. Stage 


4,557 

10-0222 

Structure - Delivery Stage 


1,286 

10-0223 

Thermal - Delivery Stage 


165 

10-0224 

Main Propulsion - Delivery Stage 


13,104 

10-0225 

RCS - Delivery Stage 


2,686 

10-0226 

Data. Mgt/ Comm - Del. Stage 


226 

10-0227 

GN&C - Delivery Stage 


9,633 

10-0228 

Elecrrical Power - De2 . Stage 


1,217 


10-0200 Tal;al Development Cost ’ $ 36,354 

Note: 1. Mission A; Configuration No. I, Integral QMS 

Mission 3; Configuration No. 41, Pintle Solid-Large 
Missions C & D; Configuration No. 44, Pintle Solid - Small 
Mission E; Configuration No. 42, Pintle Solid - Large 
Mission F; Configuration No. 4, Solid/Solid Tandem - Spinning Star 
48/Star 37E 

2. Development cost for these items is shown as part of WBS 10-0212. 

A prorated amount of previous development cost for Spinning Star 48 
is included there. 
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LOW ElffiRGY STAGE STUDY 
DDT&E COST SUJ^IAEY SHEET 
THOUSANDS OF DOLLARS 


COMBINATION ^ Combines Configurations No. 



19, 20, 21 (Liquid Bipropellants) with 
No. 4 {Solid/Solid Tandem) and I (OMS) 

DDT&E COST 

10-0201 

Integration & Asserably - Subtotal 

($ 

2,166 ) 

10-0210 

Booster - Subtotal (Spinning Star 48 & Star 37E) 


3,406 ) 

10-0211 

Integration & Assembly - Booster 


244 

10-0212 

Structure - Booster 


1,495 

10-0213 

Thermal - Booster 


55 

10-0214 

Main Propulsion - Booster 


1,550 

10-0215 

RCS - Booster 


(Note 2) 

10-0217 

GN&C - Booster 

. 

62^ 

. 10-0218 

Electrical Power - Booster 

- 

(Note 2) 

10-0220 

Delivery Stage - Subtotal 

a 

18,873 ) 

10-0221 

Integration & Assembly - Del, Stage 


2,782 

10-0222 

Structure - Delivery Stage 


909 

10-0223 

Thermal - Delivery Stage 


no 

10-0224 

Main Propulsion - Delivery Stage 


5,792 

10-0225 

RCS - Delivery Stage 


1,343 

10-0226 

Data Mgt /Coram - Del. Stage 


226 

10-0227 

GN&C - Delivery Stage 


6,494 

10-0228 

Electrical Power - Del. Stage 



1,217 

10-0200 

Total Development Cost 

$ 

24,445 

Notes: 1 

. Mission A; Configuration No. I, Integral OMS 




Mission B; Configuration No. 19, Star 37E/6 Tank Liquid Biprop 
Missions C & D; Configuration No. 21, 4 Tank Liquid Biprop 
Mission E; Configuration No. 20, Star 37E/4 Tank Liquid Biprop 
Mission F; Configuration No. 4, Spinning Star 48/Star 37E 
2. Development cost for these items is shown as part of WBS-10-0212. 
A prorated amount of previous development cost for Spinning Star 
48 is included there. 
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XABliS 2 

LOV? ENERGY STAGE STUDY 
DDT&E COST SUMMARY SHEET 
THOUSANDS OF DOLLARS 


COMBINATION " Combines Configurations No. 



23 and 25 (Liquid Bi props) with .No. 4 
(SoHd/Solid Tandem) and No, I (QMS) 

DDT&E COST 

10-0201 

Integration & Assembly - Subtotal 

{$ 

1,144 5 

10-0210 

Booster - Subtotal (Cpinninq Star 48) 


2,286 ^ 

10-0211 

Integration & Assembly - Booster 


221 

10-0212 

Structure - Booster 


1,153 

10-0213 

Thermal - Booster 


(Note 2) 

10-0214 

Main Propulsion - Booster 


850 

10-0215 

RCS - Booster 


(Note 2) 

10-0217 

GN&C - Booster 


62 

10-0218 

Electrical Power - Booster 

- 

(Note 2) 

10-0220 

Delivery Stage - Subtotal 


20,203 ) 

10-0221 

Integration & Assembly - Del. Stage 


2,966 

10-0222 

Structure - Delivery Scarce 


1,005 

10-0223 

Thermal - Delivery Ste’gc- 


110 

10-0224 

Main Propulsion - Delivery Stage 


6,904 

10-0225 

RCS - Delivery Stage 


1,343 

10-0226 

Data Mgt/Coiraii - Del. Stage 


211 

10-0227 

GNSsC - Delivery Stage 


6,494 

10-0228 

Electrical Power - Del. Stage 


1,170 

10-0200 

Total Development Cost 

$ 

23,633 


Notes; 1. Mission A; Configuration No, I, Integral QMS 

Mission B; Configuration No. 23, 8 Tank Liquid Biprop 
Missions ‘C & D; Configuration ho. 25, 4 Tank Liquid Biprop 
Missions E & F; Configuration No. 4, Solid/Solid Tandem - Spinning Star 
48/Star 37E 

2, Development cost for these items is shown as part of WBS 1 0-021 2- 
A prorated amount of previous development cost for Spinning Star 
48 is included there. 
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COKBO 

NO. 


TABLE 3 

STAGE UNIT COST, STAGE DEVELOPMENT COST AND ASE COST FOR TASK 2 SCREENING 


ras NO. 


10-0200 0 , 0-0200 


RZFEREJCE 

MISSION 


QUANTITY 


UNIT COST - $K 


10-0500 


COMBO DEV COST - $K 


CONFIG. iPER ESF MISSION | PER CONFIG | PER BUY |20 UNITS jPER BUY ! STAGE I ASSCiNCL 3 SETS) 


19,784 



50,362 


37,996 


35,839 
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TABLE 3 

STAGE UNIT COST, STAGE DEVELOPMENT COST AND ASE COST FOR TASK 2 SCREENING 


WBS NO. 


10-0200 tLO-02001 10-0500 


C0^^50 REFEREfTCE 
NO. MISSION 


A 

B 

C 


! QUA NTITY UNIT COST - $K CO^SQ DEV COST - $K 

CONPIG. [per kef mission | PER CONFIG | PER BUY 20 OTITS t PER BUY STAGE | ASE(INCL 3 SETS) 


3,514 



24,239 


28,996 


24,586 
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TABLE 3 


STAGE UNIT COST, STAGE DEVELOPMENT COST AND ASE COST FOR TASK 2 SCREENING 
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TABLE 3 

STAGE UWIT COST, STAGE DEVELOPMENT COST AND ASE COST FOR TASK 2 SCREENING 


WBS NO. 


10-0200 LO-0200 


REFEREJCE 

MISSION 



QOAIJTITY 


PER REF MISSION 

PER COfTFIG 

17 

17 

38 

44 

32 

54 

22 


6 


10 

10 

17 

17 

38 

38 ' 

32 

54 

22 


6 

6 

10 

10 

17 

17 

38 

38 

32 

54 

22 


6 

16 

10 



UNIT COST - $K 
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TA'^UE 5 
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TABLE 6 




lEFEREN 

CE MISSIC 

IN A 





OTHER 



PROPULSICai 

DESCRIPTION 

MISSIONS 

COKFG. 

LAUNCH APPROACH 

APPROACH 

BOOSTER STAGE 

DELIVERY STAGE 

CAPTURED 

NUMBER 

EXISTING APPROACHES 

LIQUID 

NONE 

1 OMS KIT 

NONE 

II 



NONE 

TRS - 2 TANK 

C, D 

VIII 

ADAPTATIONS OF EXISTING 

SOLID/SOLID 

SPINNING STAR 

STAR 26 

B,C,D,E 

48 

APPROACHES 

TANDEM 

48 





SOLID/SOLID 

SHORT NOZZLE 

SHORT NOZZLE 

B,C,D,E 

3 


TANDEM 

SPINNING STAR 48 

STAR 37S 




SOLID/LIQOID 

SHORT NOZZLE-IOS 
OFF-LOAD SPINNING 
STAR 48 

2 TANK MONOPROP 

E 

29 

NEW APPROACHES 

SOLID/SOLID 

STAR 26 

STAR 26 

C,D 

3 


TANDEM 






SOLID/SOLID 

NONE 

FLAT PACK - 6 

NONE 

11 


CLUSTER 

NONE 

SHORT 

7 STAR 17 MOTORS 

NONE 

37 


CONTROLLED SOLID 

NONE 

LIQUID QUENCH 

B,C,D,E 

14 




MOTOR 





NONE 

PINTLE SOLID 

B,C,D,E 

43 




MOTOR-LARGE 





NONE 

PINTLE SOLID 

C,D 

45 




MOTOR-SMALL 




SOLID/LIQUID 

- 

- 

- 

NONE 


LIQUID 

NONE 

8 TANK BIPROP 

NONE 

18 



NONE 

6 TANK BIPROP 

tr 

22 



NONE 

4 TANK BIPROP 

ri 

26 



NONE 

8 TANK MONOPROP 

II 

31 



NONE 

4 TANK MONOPRCP 

II 

34 
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PAGE IS 





TABLE 6 







ache: 








OTHER 



PROPULSION 

DESCRIPTION 

MISSIONS 

CONFG. 

LAUNCH APPROACH 

APPROACH 

BOOSTER STAGE 

DELIVERY STAGE 

CAPTURED 

NUMBER 

EXISTING APPROACHES 

LIQUID 

NONE 

TRS-4 TANK EXPENDED 

NONE 

XII 

ADAPTATIONS OF EXISTING 

SOLID/S OLID-TANDEM 

SPINNING STAR 48 

STAR 26 

^ C / D ^ El 

46 

APPROACHES 


SPINNING STAR 48 

STAR 37F 

E,F 

SO 



SHORT NOZZLE 

STAR 37-S 

A. ^ C / D / E 

1 



SPINNING STAR 48 
SHORT NOZZLE 

SHORT NOZZLE 

E,F 

4 



SPINNING STAR 48 

STAR 37-P 




SOLID/LIQUID 

SHORT NOZZLE-10% 

4 TANK BIPROP 

E 

15 



OFF-LOAD SPINNING 
STAR 48 






SHORT NOZZLE-10% 

4 TANK MONOPEOP 

NONE 

28 



OFF-LOAD SPINNING 
STAR 4 8 




NEW APPROACHES 

SOLID/SOLID 

SHORT NOZZLE 

SHORT NOZZLE 

£ 

5 


TANDEM 

STAR 37F 

STAR 37F 




SOLID/SOLID 

HONE 

FLAT PACK-6 LONG 

NONE 

9 


CLUSTER 


MOTORS 





NONE 

22 STAR 17 MOTORS 

E 

38 


CONTROLLED SOLID 

HONE 

LIQUID QUENCH MOTOR 

A,C,D,E 

12 



NONE 

PINTLE SOLID MOTOR 

C f D f El 

41 


SOLID/LIQUID 

STAR 37E 

6 TANK BIPROP 

NONE 

19 


LIQUID 

NONE 

8 TANK BIPROP 

E 

23 



NONE 

8 TANK MONOPROP 

NONE 

33 


AS-2044A 



89-a 


TABLE 6 


PR 

Ll P 0 LS 

fOI\! APF 

ROACHES 

FOR 



REFE 

RENCE 1 

VIISSION C 



LAUNCH APPROACH 

PROPULSION 

APPROACH 

DESCRIPTION 

OTHER 

MISSIONS 

CONFIG. 

NUMBER 


BOOSTER STAGE 

DELIVERY STAGE 

CAPTURED 

EXISTING APPROACHES 

LIQUID 

NONE 

3 OMS KITS 

A 

IV 



NONE 

MMS-PM-2 EXPENDABLE 

□ 

VI 



NONE 

TRS-2 TANK-RETRIEVED 

A,0 

VHI 

ADAPTATIONS OF 
EXISTING APPROACHES 

SOLID/SOLID 

TANDENl 

SPINNING STAR 48 

STAR 26 

a,b,d.e 

47 



SHORT NOZZLE 
SPINNING STAR 48 

STAR 37-S 

A, B.D.E 

2 

NEW APPROACHES 

SOUQ/SQLID 

TAWOE^;i 

STAR 26 
STAR 17 A 

STAR 26 
STAR T7 

A, D 
0 

7 

51 


SOLID/SOLID 

CLUSTER 

NONE 

FLAT PACK4 SHORT 
SHORT NOZZLES 

0 

10 



NONE 

4 ST.ftR 17 MOTORS 

D 

4Q 


CONTROLLED 

SOUQ 

NONE 

LIQUID QUENCH MOTOR 

A,B,D. E 

13 



NONE 

PINTLE SOLID MOTOR 
LARGE 

A, B,0,E 

42 



NONE 

PINTLE SOLID MOTOR 
SMALL 

a/o 

44 


SOLID/LIQUID 


- 

- 

NONE 


LIQUID 

NONE 

4 TANK BIPROP 

D 

17 



NONE 

4 TANK BIPROP 

0 

21 



NONE 

4 TANK BIPROP 
(MODULAR) 

A, D 

25 



NOME 

4 TANK MONOPROP 

NONE 

32 



NONE 

2TAWKMOWOPROP 

(MODULAR) 

0 

35 


AS-Z045B 
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TABLE 6 


PROPULSfON /^PROACHES FOR 
REFERENCE MISS lOW D 


XAtn^CH APPRCmCH 

PROPULS ICN 
APPROACH 

DESCRIPTION 

OTHER 

MISSIONS 

CAPTURED 

CONFG. 

NUMBER 

BOOSTER STAGE 

DELIVERY STAGE 

EXISTING APPROACHES 

LIQUID 

NONE 

HMS-PK-2~EXPBNDEO 

C 

VI 



NONE 

TRS-2 TANK-RETMEVED 

A,C 

VIII 


SCOUT 

- 

- 

E,P 

XIII 

ADAPTATIONS OF EXISTING 

SOLID/SOLID 

SPINNING STAR 48 

STAR 26 

A,B,G,E 

47 

APPROACHES 

TANDEM 







SPINNING STAR 48 

SHORT NOZZLE 

A,B,G,£ 

2 



SHORT N0Z2LE 

STAR 37S 



HEN APPROACHES 

SOLID/SOLID 

STAR 26 

STAR 26 

A,C 

7 


TANDEM 

STAR 17 

STAR 17A 

G 

51 


SOLID/SOLID 

NONE 

FLAT PACK-4 SHORT 

C 

10 


CLUSTER 


MOTORS 





NONE 

4 STAR-17 MOTORS 

G 

40 


CONTROLLED SOLID 

NONE 

LIQUID QUENCH MOTOR 


13 



HONE 

PINTLE SOLID MOTOR- 

A,B,C,E 

42 




LARGE 





NONE 

PINTLE SOLID MOTOR- 

A,C 

44 




SHALL 




SOLID/LIQUID 


- 

- 

NONE 


LIQUID 

NONE 

4 TANK BXPROP 

C 

17 



NONE 

4 TANK BXPROP 

G 

21 



NONE 

4 TANK BIPROP 

A,C 

25 




(MODULAR) 





NONE 

3 TANK MONGPRDP 

NONE 

30 



NONE 

2 TANK HONOPROP 

C 

36 




(MODULAR) 
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TABLE 6 






'C 


PROPULStM APPROACHES FOR 
REFERENCE MISSION E 


LAUNCH APPROACH 

PROPELS ICK 

" 

DESeP-IPTION 

OTHER 

MISSIONS 

CONPG. 

APPROACH 

BOOSTER STAGE 

BELIVERy STAGE 

CAPTURED 

NUMBER 

EXISTING APPROACHES 

SCOUT 


• 

D,P 

XIII 

ADAPTATIONS OF EXISTING 

SOLID/SOLID 

TANDEM 

SPINNING STAR 48 

STAR 26 

A,B,C,D 




SPINNING STAR 48 

STAR 37F 

B,P 

49 



SHORT NOZZLE 
SPINNING STAR 48 

SHORT NOZZLE 
STAR 37S 


2 



SHORT NOZZLE 
SPINNING STAR 48 

SHORT NOZZLE 
STAR 37F 

: B,F 

4 


SOLID/LIQUID 

SHORT NOZZLE‘-10% 
OFF LOAD SPINNING 
STAR 48 

SHORT NOZZLE-10% 
OFF LOAD SPINNING 
STAR 48 

4 TANK BIPROP 
2 TANK HONOPROP 

B 

A 

16 

• 

29 

NEW APPROACHES 

SOLID/SOLID 

TANDEM 

SHORT NOZZLE - 
STAR 37P 

SHORT NOZZLE 
STAR 37P 


6 


SOLID/SOLID 

CLUSTER 

NONE 

22 STAR 17 MOTORS 

B 

39 


CONTROLLED SOLID 

NONE 

. 

LIQUID QUENCH MOTOR 

A. f B f C ^ D 

13 



NONE 

PINTLE SOLID MOTOR 
LARGE 

A,B,C,D 

42 


SOLID/LIQUID 

STAR 37E 

4 TANK BIPROP 

NONE 

20 


LIQUID 

— 

NONE 

8 TANK BIPROP 

B 

24 
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TABLE 6 


PROPULSION APPROACHES FOR 
REFERENCE MISSION F 





n 

OTHER 



PROPULS ICK 

DESCRIPTION 1 

MISSIONS 

CONFG. 

LAUNCH APPROACH 

APPROACH 

BOOSTER STAGE 

DELIVERY STAGE 

CAPTURED 

NUMBER 

EXISTING APPROACH 

SCOUT 

- 

- 

D,E 

XIII 

ADAPTATION OF EXISTING 

SOLID/SOLIO 

SPINNING STAR 48 

STAR 37P 

B,E 

49 

APPROACHES 

TANDEM 

SHORT NOZZLE 

SHORT NOZZLE 

B,E 

4 



SPINNING STAR 48 

STAR 37F 




SOLID/LIQUID 

SPINNING HH III 

4 TANK BIPROP 

HONE 

27 

NEW APPROACHES 
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PROPULSION CONCePr SoMMf^RV 

CONf=l<iURArtON No. Z 3 ft 24 (sseffore) 
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PropulsTon ’ CONcspr Summary i 
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CO.Yf.yiF.WCr 
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ozrz. Srr.'cruAjS St*iiou«n, ■ST**.A%^4.wot>fcVAfcfe 
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cit.f PA'.p:iss/c/7 


SiAX 4£ kt/<iH,S<acr aam«« /(Acmcmc 
A jpor J«A_ <»77, tt>Y*ofY lano 


^HS f..A:r/S‘,’ CCMKCI tyoYS '-It rutu’xy 


t'Z'S G'/.’S,\-:‘r /t Ccsrrnt. 
os ; 7 ess'r.r-rAZ 
ca.ur.w'Sr.vcY 


•/irP’AT \7U 


33.45 


fs'SZ.G 
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n, i,$ 


.cp Hg t rr . 

g»CgTe.H 


iEX / 

TCH./ 


■COIIPIS. 
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\^^T<uinA 
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Jtuymgr >T<u/m.- 


' ’Urpntfv* rM«iB -4 
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0 >on r» nso m smo Bn| 
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onto 
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v.'stR Hr PAcrrziApr’ = 99.79 y j 
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PROPULSION CONCSPr SUMMARY y 

CONFHiURArtON No. 30 ' 

BoosrSK Stags ~ Non e 

DSLtVSNY STAGS ^LlOUtD MONOPKOPEtlANTiS TANK) 


PAGB 2S OF -4/ 


SYSrsflf Co,yiFor,-sNrs 


APPROACH / BASIS 


CONF/eURATlON 


P^NFOnylANZS 


/? rz/'<r.r>^ 

02.2.1 lf:rc Ki.,C.'/». ASSEMBLY ClA.s.'P .'SCot/f 

<7 2£Z SrPJCrVAS SsMf-MeMC«iP«i>e TUiJV5/'ihr’^»TY«- 

02TJ TA/cPjVAL SPAR -^3 

OZZ 4 - .WN P.RSPl/tStCN MoooPc^reLtjtor 3CiHja»0LK*.. 7 >i<ua 

. Tiia* SpMf A, p«». Tnoej* . feu*. « C-jOV ' 
I T««o»r*fcS/M^ ^lUMiTVP^ 

PEA-m.i CWrRSL SYSrSFi 

&Z7.^ ZU"- ,YVJ>%f,\t\r^COK>U S-8APP -rp,i.\'P,'firrr.fZ A. A 'T'j.'.'.'i /’scjyp 

CZZ 7 iP/OA.VC.' 2. C3/VP20C <Oazc srAA^A/efp RLtrAor*f/iopr u Jipr 

CZ2S rPi.ZF' PS.'fom.i'Acr/'.-A‘ ■ Aft.ys.V‘ofPc 

— - Co,srw%e:itY I ' 


' pcosrTP. SPA fir 

I OZO.* M77CtR.*r 

I 

t 

! 02 fZ SPAC/CrcfRF 

; <22/3 TFS''AfA/. 

1 OZ/R fpC-Y Pt-opjlS/cN 

\ 

' OZ/S RiM-:',o.'i tctrAatsysTPAf 

I 

I 

1 aZfj fiytpA//:e t^CcNrPSt. 

\ ‘ ' 
j cz/7 etscFR.Cfii />}WP--i 

--- Cp/,'P/PiSiYCY 


Wrrspr (Kc,) 


3 &R.C-* 


r . > • Y^:'T 7 




e IDO) 23» jm «» SKO m 

m«tTt noovn «i5*t a ro 

(X/SEO 


I>SSISN POINT'* PTFPNSNCe M/SS70N D 


vJEtsnr SupiyARY 


'J2 

fyp?Y STA-^P 




v-'c-zoAT /Nsnr 

Z 2//. 7 



V/PlS.</r PROFELLANr 

= _£11'£ 

ra 


TOPAL 

= 43 Y.Z 



vlE/sur iHEJir 
WsVSVr PhoPSLLANr 
TOPAL 


PASS iiT/SPT 


‘tas.z XU 
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' PROPULSION CONCSPr SUMMARY ■ 

CONFtC,UHAnON No. 3! _ 

BoosreR SrAQ£ None ' ' ! . PA6B z<^o^4-r 

0£Lt)^EAY L/^wo MOf^opn.orec(.A*jr(a nMAt) • 




1 PROPULS t ON CONC£Pr SuMMfiRy 

I CONFtQURArjON Na. SZ 

BoosrcR SrAQe— nonc 

Deciv'eFY L/pu/o MouoPAofleUAAff‘(4^ 


SYSrEflt COA^Po/veAfrs 


APPl^OACH / BASIS 


ns^typpy srpar 
ozzi :tir£:.^)rio.’ia-Ass£.*)3LY scpAR^Tia.'f . 'bCi't/r 
CJ.2Z Srp:s^TVP3 sen !■ HoPOCopOB TfuiS/SAS ryAS 

O 2Z3 TffsPPiAL spy^:v/vj SPAS. ^ rYPS 

0ZZ4- ,VA;N PACPJLSfOH F-'^f’foyB.uAiJ-r- coPosAPAK/cpi. 

pPi>A. rpiJRt 4 fpp^ic/n. Afei, phiKt 4 

mA-!o 4 rnAotreRj/ s/ii f rvAe s 

OZ?S B£ACr-Oy CCAiT'S2 SYSTEM IPJt^fAr. rN ^fi. p /'PpA/UJOfl. 

VOrP'^v^ f" MPP( raJ7x’,iL/ fSf ryy, 

OZlti /WT4 .V*rl;^iv<vy.>^ i^‘*w- S-BAPP t A\rrv.vf/sea,vr 

OZZ T Sf,’£>A.’yCT St, C£,'/T^Oi. Aoii S^ASfiftSP BLAr.^oCf^SO^^tt Por 

czzs szTCT.v/jPi f'Oi-.sr; p/;<3/i'c>-^c/viy,'r- jV'/.^ap-7/te 

Y£t ,‘yv/t'4A‘t'yp.\'4y cA'tf/Y.i/ scovr 


OZli /w T 4 . vu v,yr.\r^ 'capyi- 
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i 
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j 
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Ma 
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= 
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= 
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- 
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Kft'.JI r/t/T? 


PROPUL^lcsj CofJC£Pr SoMMt^Ry 

COffFlcuRr^riOf^ fJo. 33 
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PROPi/L^tON CoNCSPr Sc/MM/iRy 

CoNriQt//t<^rtOf^ iMo. 34- '• / /' 

Booster SrA&€ - roms 

DBLIVPRY StAC,£~ E/(it//A A4e^o/>^a/^£ijtMr(4- ntftK) floouLA/i 


pAiC Zt OE A f 
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COAfFO/VEP/rS 


trSFt 
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OZ2! JNrZZ- t-^r/r.v «• ASSS^tBLY 

srPARpr/o\' CCA.YP /scpt/r 
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30. 8A 
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OZ/7 ElSCrp/CAi FOWSYZ' 
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PROPULSION CoNCSPr Su/^MARY 

CONFi^uRArto^t No. SS.i.3L (Se-FA'are-) 

BoosreR Stags- 

DeLivSRY Stage A foAfop/:orei.LANr(^z fank) proDatAK 


Kf'*. A 
t-7-r» 


f>A6E Z9AF^t 



I 
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PROPULS toN CONcspr Summary 

CONFI^UfiArtON No. 37 ^ 

BoosreF SrAoe^ nonf 

DectveFY SrA<h£ CiOsr£/z soi/osfr srAn /7s) • 


p/J6£ oF^t 


sysr^.'^ COF>r^o/eAfrs 


APPROACH / BASIS 


COHF/GUAAr/ON 


P£f(FOP.\'A:JCC 


I 07Ji wrscr.i 'ic . a ASsr*/3 '.r 
1 C2ZS- Sr^ycn/xs 
j O ZZS 7 >^-CV. 4 A 

I 

I JZZJ ,\’A/.V FXZPt/iS/OA,' 


SPP-^A*>’iOf^ Ct.'frr /scot/r 

Sot /SASTYDf^ 

SPf -M/Vi S/M r/'M 

Ci.OS7£X SOURS- ? STAK /r>J*>T»«s/ 
t/feotoa. /oPOfT" 


C2-'i3 PEAZTt'-'i CMPSL SYSTEM S’^is/ibp'^j^oo'P 

02C4 P'A-^'il.\:_%TycaM>l. S-3 Aa‘Z‘ r.VA'J/f/rprSX'ie A-KrZ'-'f-’^/SCMr 

CZZ 7 Si' 0.i.‘/CS %. CC/iK^CC 3 -AX/J FAX OrXO /SCOCF 

” PS.r’arsu'Ai'P/KJ'"— s/,:yM-s/it: 

S^rrS'-yR. '-'V/v4-iVV."^V/ /vxi :t'^/ scot/r 

c/i/tf .wit’Mcy 

Boos rep s/pyf 
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C 2 IS iV4 • 7 PKOA.'/.S/PH 
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/fore: see Cco,.,^. oo. oo '^or^OoAMriTr 
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SS3.tr 
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ws/cpT tt/epr 

- 270.Z 
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PROPULSION ' C ONCSPr SUAIMARY 

• CONFKiURA nOH No. 3B&.33 (Srr^orif ) 

Boosrs/i SrA<ie~ no/J£ 

DeLtyeAY SrAd£~ ce.usrot, soctps (zz smK. tr's) ^ 


SYS refit COfitra>vsA'rs 


t r£fi? 


rst. STfir-^c 

07.X! Ai;Si'-13S.y 

ozz- S^^jct:‘K£ 

O-Z? 

J ZZ4- AM/// PKupyLitON 

cl.tS ps.A:rfi.y cuwzsz 3rsr£P) 
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P.'<iSr/ :v. srir^ir 
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ozt7 eL£<:r/:. r.^z 
ce/,r.'.\Zr/xCY 


APPfi3A<Zfi / PAS/S 


I CiJx'p /ccapr 

I B»ir ttAu,/iAS TVfxe- 

s/up. rj ryps 


Ctt/ST£K£I> SOZ/OS~-ZZ S/XK /7-fitonn/ I 
t/CUboc /oPUT~ 

5 -J>)A'^ ZO'.l.'r'.i.vr'.'SO.C AXrfjWA /•SCPpr 
Kozi. /7^rPM‘p/.so>^g, jtoy’ 

fi -■'■‘■y.’-iA.yp-.-'/Ki ';r.' ^•axv.p-s/x,':: 
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7 - 7 / 
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Z.Z7 
/ 7M, 3 / 
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■ /.£ 
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MB 
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I Cpi^/i^<ZJ.'/o\s 3a A *9 A'ze' APt*. AWJ </sr / A Z ArrmtoA cPvrxaL r>««<x.wr< 

1 Pr^PssT-r^tji-.-. COMi'Ko(?i»rfOij SnotAf^ 
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! 
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: 
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wets^r PpoPfUdu/r 

= 
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= 
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= 

0.0 xi 
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PROPULSION CONcepr Summary 

CONFIGURArtOH No. 40 ' 

' BoosreR SrAoe ~ Noft£‘ 



sysr£‘/>f CoAfy’o/vs/\<rs 


trsM 

APPROACH /BASIS 

WrisRr(HCi') 


SePARATieA C£AmP / scour 

■7.71 

C 22 Z Srrucrt/Ke 

*'e> /Sirffr tr SAS 

* 0 . 8Z 

OZZ.3 TRS/ZiV^l. 

SPWA/N& SPAA <fa rTAT 

2.27 

CZZ4- fCA!fi proPt/LSIOfJ 

Pwrce Soe .10 

/C3S39 

ozzs p£ACR 0 \ CGRr<^i srsren 

RieropAtPsicApr, s-AAis/sao^ scoop 

39.13 

0 2Z i /!.'-■» syA’:PU'iVi.yryCoAIH. 

S-BAf/O KAJ^spf/rrsxt A/fm/VA /scaur 

. AS" 

022 7 it/JDAfJCS ^CAVrAoL 

j-AR/s JK/ srpo y'scour 

Z3.8i 

CZZS eiFCrPfCAL PewSR 

RSPforfcypcr/ytrvr s/ivex- ziA<e 

BA/riryjt, ccwrtA rt.M'Jt rAAfn^i/scot/r 

ZS.8S" 

CoprW6£>/cy 


/■^.// 

Bcosrep srAoe 

OZO! M1T0A.*ray SiASSSMaty 
. 

- 


oZ!2 SraucruJoe 



Stts rpfAMAL 


■ 

OZtA- 4 '^ 4 /A PACPULS/e/y 



oziS Ai7Kr,F: coMrKOL sysrjjtf 



ozH Cu/DAprs ii CcMrasL 



ozt7 ezAcrA/CAt 



co/yr/Aisvcr 



rrA “s ^.v /j 

/ty£> /A/cit^/^y 

ai'r JL rito 


ca^‘’’'iCot. rvvt'ir^/zs ■fTjrs'~^£r^i S£.y. cr'v</&.“.xr • ■ ^3 m 

4r's e/sf'^'s •/ iCS4cr'a*' c/>*’‘r£>c j-f. 



/^^ee 32 or 


P£/^FORMANCe 



WEIGHT SUA!P:ARi’ 

usuyrTy srAs-r 


Wscs.wr /NSRr 

r Z9t.3*Ks 

WPts.fr ppcPSCZAMr 

= l43i.3SPC 

total 

- t788U9*cs 

Boosrrp STACIE 


WstG.fr /A/eur 

- 0 ra 

Ws/6Pr PPopeitAftr 

i 0 AM 

TOFAL 

- ^ 

STAGS' r. S/GWr 

- /78B.i9M 
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PfiOPUL^sfoN CoNcepr SuMMApy 

COAff^fQUXArtOf^ A/a. 4 A 8 m 4 ^ 

Boosted SrA<ie a/oa/£- 

DeLivepy stags'^ satjul p/A/rce- sot-tp 


PA&£ 33 e>A= 4 / 


SYSr^Af CoMPOA/eprs 

APPROACH / BASIS 


lVr/« A»r 


COA/P/GUPAnoN . 


- PEPFOPyJANCe 


nei/vcpy srpr^e 

ozzt /MrT^RsnewxAsssAjB^y sePAK^r/of/ ct*s;p /scovr 

0222 smuCTupe seAV.Monato^us /scour u sas 

o ZZ3 TftsPAfAL spMMfpa sPAx 4 A rypf 


OZZ 4 - miN FROPi/tStON 


sp/fipfP 6 srAx 4 s rypf 

r-fAt-t. P/AirZC SCZ/P 


OZ.ZS FEACTW:/ sysrrpj XrfaA^PPo/’szZAur 


czzi /rAi'-v.y:.rrycoA!:*. 
022 7 &<//£>APCs s.cayrxot. 
<5223 ElE 'ry/CPL PCiUS.Z 

coA-r/ysEvcy 

Scaspsp srA&e 


S-i3AK:> rxA.\’SAf/rrsxt AArr.UA/4/scoyr 
3- Ax/s, >>x.y SYATO / Scour 
PS.Afom yjicmii s/LYix- r/xK 
SArn/rvA caur/A r/osn rA»Ams/ scour 


j 020 / 

/A’ rscxAr-au A Ass£*faty 

1 

02/2 

Srxucru.zE 

1 02 /J 

r.usxAfAC 

j 02 /S 

P.’A/y PA.O.''ULS/Oy 

1 

1 OZ/S PSAC/O.',’ CCMrCOt.S'^SriT.) 

OZ/i 

GtPCA.'.-e 2 i Caar/uu. 

oin 

ECSCrX-CAt FOh/SP 
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coNF/auRAnon 


. PEPFOFMANCe 


APPROACH / BASIS 
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OZ/Z S/POCrc/A/S 
OZ/3 rPZRP.’AC 
OZ/4- /gAff/ PP.ipJLS/OH 
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SP/oo’A/d sr’p< FA rypxr 
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OZ/i QU/OAATP ti CaA/PROL 
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PROPULSION CoNCSPr SciMM/tpy 
COMFicu/tArioN No. ^9 So £"0 
BoosTen SrAds-^ 

.srAA AS 

DeuvenY SrAGS'^ Sr»/t 37 f 


C'-. nj 

■ v< Xsi- 


PA6£ 3S of 


. 

SYSreM 

COAfPOtYENTS 


tr£M 

APPROACH / BASIS 

Weight {fg) 

DEl/VFPy SrAGE 



ozzt Mr/oMnavaASSEFScy 

SEPAX/noN ce/Fp /scovr 

7.7/ 

0 222 STPUCruAE 

SEFf.FotJPCe><7:iE ^SCOi/r u SAS 

49.44- 

0 2-Z3 TFERAtAL 

SPWAV.VG STAX 43 TYPE 

2.27 

OZZ4- F!A!N PFOPULStOtJ 

STAR 37 F 

9/3.03 

ozzS F£ACT/fl.\' cayrtsL sYsrstA 

None 

0,0 

0226 CA'A yA‘:»~i£/rt.\Tycoy.'f. 

S-B/.VD /KAA’SF/rrEXtk ANrrMA/A /scos/r 

. /.F 

022 7 G(//DA/:cr i co,wrxoJ-*^ 

Co/tiPurs/i 

iZ.U 

C226 £L£:rA/CAt POi'/SR 

PS.yoriLyAcr/^A >;-•• s/cveN-Att/c 

ZS.3F 

coFr/yafKcy 

S»nz/rv/c CDNyt.’>r/a/At c*tr//.vs/ scodf 

9.93 

Sac STEP STAGE 
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r.Zi 
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/7.G9 
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‘ 
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Stage ws/ght 
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CD 


PROPULsiOhJ CoNC£pr Summary v *./'^ 

_ . Mr*. 8 

COffFtGUfZArtOh^ A/O. S/ */u>/ry 

Booster Stage ~ sta/z t7a* 

^ PA&E 34 or 4-t 

DeEtvERY Stage ~ sta/z /t 
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PROPULSION CoNcepr Summary 
C ouFtcc/AAr/ou No. Sz 
BoosreR Sta 6€ — (Matop/^/ep 
D euvenY SrA&e stpxopstiAArC^ yank) 


PAit 37 A! 


SYSrSM COMPOAfCNrS 


COA/F/GURAT/ON .. 


.^PSFFOM'fARCe . . 


APPROA CH / BASIS 


Wrt&pr (KG) 


022.1 IHrsifv>r/OM*. ASSEMBLY 
0222 STBUCruKE 
OZ-Z3 TFeAJ^tAt. 

OZZ4- MAIN PROPOLStOA 


SCPAK^TIOU ClAs;p /sCo:^Y 
SEMt-Mof*oco^oe ntass/sAS rrM 
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SCENARIO AND STAGE COST DATA 
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APPEMDIX C 
TASK 6 COST DATA 


Appendix C presents "basic definition and cost information for the 
scenarios considered in the cost "benefits analysis (Task 6) of the LES study. 
Basic cost data is shovn to level 5» where applicable, for all new stage con- 
cepts, existing /planned approaches and combinations of new and existing/planned 
approaches. 

The scenarios are identified in Table 1 as bipropellant scenarios 
(B-1 through B-5), monopropellant scenarios (M-1 through existing/planned 

approach scenarios (E-1 through E-5), and combination scenarios (C-1 through 
C-i*). The basic cost data is presented in this order of development (B-M-E-C). 

Table 2 gives DDT&E costs for scenario classes B, M and C. No DDT&E 
costs are separately identified for other scenarios. 

Table 3 includes operations costs for all scenario classes. 

Table U includes production costs for all exist ing/planned systems 
and new stage concepts. New concepts are broken down to level 5 to give 
maximum available detail. 

Table 5 is the cost summary for all considered scenarios. Costs are 
summarized in DDTSeE, Production and Operation categories for each of the config- 
urations contained in the indicated scenario. Additionally, the Shuttle charges 
are itemized for payload and stage, and added to the supporting costs. The 
Operations Supporting costs are made up of annual operational costs and \mit 
operational costs as itemized on Data Form A. 

Table 6 contains the detail description for all scenarios. An expla- 
nation of this table is contained in Volume IV, paragraph 7.^.2. 

Table 7 presents a detailed cost buildup for the Scout ELV and STS 
launch costs for payload U7. San Marco One and payload 52, Transit in support 
of Table 7-XXIV of Volume IV. 

Table 8 presents the ASE weight used with the TRS for each payload 
group. The basic TRS ASE was not structurally adequate to support the TRS with 
the payload attached. Therefore, the length and weight of the new LES ASE was 
used for the TRS. The new LES ASE length and weight were less than the length 
and weight of TRS ASE and a payload support pallet. 

Table 9 presents the user charge buildup for the principal scenarios. 
These costs are entered into Table 5 where the total scenario costs are sum- 
marized. 
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TABLE 1 


SCENARIO DEFINITION FOR BIPROPELLANTS 

Pg. 1 

Scenario 

Configuration 



Cargo Bay- 


No. 

Control No. 

Stage 


Installation 

ASE 

B-1 

25 


4 Tank 


Horizontal 

New- 


23 


8 Tank 


Horizontal 

New 


68 


4 Tank - 

25/SSUS-D 

Vertical 

SSUS-D 


69 


4 Tank - 

25/SSUS-A 

Horizontal 

SSUS-A 

B-2 

25 


4 Tank 


Horizontal 

New 


23 


8 Tank 


Horizontal 

New 


62 


4 Tank 


Vertical 

New 


66 


4 Tank - 

62/SSUS-D 

V ertical 

SSUS-D 


67 


4 Tank - 

62/SSUS-A 

Horizontal 

SSUS-A 

B-3 

25 


4 Tank 


Horizontal 

New 


23 


8 Tank 


Horizontal 

New 


56 


4 Tank 


Vertical 

New 


57 


12 Tank 


V ertical 

New 


68 


4 Tank -* 

25/SSUS-D 

Vertical 

SSUS-D 


69 


4 Tank - 

25/SSUS-A 

Horizontal 

SSUS-A 

B-4 

25 


4 Tank 


Horizontal 

New 


68 


4 Tank 


Horizontal 

Vertical 

SSUS-A 

SSUS-D 


69 


4 Tank - 

25/SSUS-A 

Horizontal 

SSUS-A 

B-5 

25 


4 Tank 


Horizontal 

New 


62 


4 Tank 


Vertical 

New 


68 


4 Tank - 

25/SSUS-D 

Hoi:‘izontal 
Vej tical 

SSUS-A 

SSUS-D 


69 


4 Tank - 

25/SSUS-A 

Ho rizontal 

SSUS-A 


Note: All scenarios include integral OMS 
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TABLE 1 SCENARIO DEFINITION FOR MONOPROPELLANTS Pg . 2 of 4 


S cenario 

Configuration 



Cargo Bay 


No. 

Control No. 

Stage 

Ins tallation 

ASE 

M-1 

35 

2 Tank 


Horizontal 

New 


33 

8 Tank 


Horizontal 

New 


70 

2 Tank 

-35/SSUS-D 

Horizontal 

Vertical 

SSUS-A 

SSUS-D 


71 

2 Tank 

- 35/SSUS-A 

Hori zontal 

SSUS-A 

M-2 

35 

2 Tank 


Horizontal 

New 


33 

S Tank 


Horizontal 

New 


63 

2 Tank 


Vertical 

New 


64 

2 Tank 

- 63/SSUS-D 

Horizontal 
V ertical 

SSUS-D 


65 

2 Tank 

- 63/SSUS-A 

Horizontal 

SSUS-A 

M-3 

35 

2 Tank 


Horizontal 

New 


70 

2 Tank 

35/SSUS-D 

Hor izorxtal 
Vertical 

SSUS-A 

SSUS-D 


71 

2 Tank 

- 35/SSUS-A 

Horizontal 

SSUS-A 

M-4 

35 

2 Tank 


Horizontal 

New 


63 

2 Tank 


V ertical 

New 


64 

2 Tank 

- 63/SSUS-D 

Horizontal 
V ertical 

SSUS-A 

SSUS-D 


65 

2 Tank 

- 63/ssus_a 

Horizontal 

SSUS-A 


Note: Ail scenarios include integral OMS. 
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TABLE 1 


SCENARIO DEFINITION FOR EXISTING/PLANNED APPROACHES Pg.3of4 


Scenario Configuration 


No. 

Control No. 

stage 

ASE 

E-1 

VI 


MMS/PM-II- Expendable^ 

MMS 


VIII 


TRS - 2 Tank - Retrievable 

NEW ** 


IX 


TRS - 4 Tank - Retrievable 

NEW 


xrii 


Scout 

- 


XIV 


SSUS-D - P/L #3 and #9 

SSUS-A 
& D 

E-2 

VIII 


TRS --2 Tank - Retrievable 

NEW 


IX 


TRS - 4 Tank - Retrievable 

NEW 


XIII 


Scout 

- 


XIV 


SSUS-D - P/L #3 and #9 

SSUS-A 
& D 

E-3 

II - in 

- IV 

i - 2 - 3 OMS Kits 


Shuttle 

XIII 


Scout 

- 

Launch. 

XIV 


SSUS-D 

SSUS-A 

to Payload 

Orbit 

Inclination 




k D 

E -4 

II 


1 OMS Kit 

- 


vm 


TRS - 2 Tank - Retrievable 

NEW 


IX 


TRS - 4 Tank - Retrievable 

NEW 


XIII 


Scout 

- 


XIV 


SSUS-D - P/L #3 and #9 

SSUS-A 
k D 

E-5 

II - III 

- IV 

1-2-3 OMS Kits 

_ 

Shuttle 

VI 


MMS/PM-II- Expendable^ 

MMS 

Launch 

XIII 


Scout 

- 

to payload 

XiV 


S3US-D - 

SSUS-A 

Orbit 




& D 


Inclination 

Note: All Scenarios include integral OMS 
For MMS payloads only 

** The length and weight of the new LES ASE was used with the TRS as shown in 
Table 8 of Appendix C because the TRS ASE cannot support the TRS with the 
payload attached. Lengths and weights were less than the TRS ASE -t a pay- 
load pallet. 
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TABLE 1 


SCENARIO DEFINITION FOR COMBINATIONS 


Pg. 4 of 4 


Scenario 

No, 

Configuration, 
Control No, 

Stage 

Cargo Bay 
Installation 

ASE 

C-1 

I 

Integral OMS 




25 

4 Tank 

Horizontal 

New 


23 

8 Tank 

Horizontal 

New 


XIII 

Scout 


“ 

C-2 

I 

Integral OMS 


- 


25 

4 Tank 

Horizontal 

New 


23 

8 Tank 

Horizontal 

New- 


62 

4 Tank 

Vertical 

New 


XIII 

Scout 


- 

C-3 

I 

Integral OMS 

* 



25 

4 Tank 

Horizontal 

New 


62 

4 Tank 

Vertical 

New 


68 

4 Tank 25/SSUS-D 

Horizontal 

SSUS-D 




& Vertical 

SSUS-A 


xm 

Scout 


- 

C-4 

I 

Integral OMS 




VI 

MMS - PM II 

Horizontal 

MMS 


25 

4 Tank 

Horizontal 

New 


23 

8 Tank 

Horizontal 

New 


XIII 

Scout 


- 


LES BASIC COST DATA 


TABLE L NON-RECURRING DDT&E 

DATA FORM A SCENARIO NO. B-1 


vms 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

NO. OF 
UNITS 



COSTS IN lOOO’S OF $ 

‘*'cL 


TOTAL 

AVG. UNIT 1 

10-0100 

Project Management 

4 


( 100} 

w/a i 

20 

33 




’ 



- 


10-0200 

LES Vehicle . 

4 

n/a 

(16, 285} 

W/A 

20 

33 

0201 

Integration & Assembly - Vehicle 

5 

- 

— 




. 0210 

Booster Stage 

5 

- 

- 


— - 


0220 

Delivery Stage 

5 

1 

16, 285 


20 

33 

0221 

Integration Assembly - Del. Stage 

5 

1 

819 


20 

33 

0222 

Structure gr Mechanism 


1 

L 691 


16 

33 

0223 

Thermal System 

5 

1 

164 


6 

33 

0224 

Main Propulsion 

5 

2 

HH9H 


•20 

33 

0225 

Reaction Control System 

5 


2. 127 


20 

33 

0226 

Data. Management/Communicationa 

6 

2 

19 


T 

9 

0227 

Guidance, Navigation & Control 

5 

2 

3, 111 


12 

2h 

0228 

Electrical Power Svstem 

n 

• 2 

838 


18 

26 



■■I 


iSH 




10-0400 

LES Systems Engrg - LES/ASE Integr 

4 



N/A 

20 

33 









10-0500 

Airborne Support EauLpment 

4 

3 


_ ■ H/A 

12 

17 

0501 

Inteiiration Assembly 

. _._5 

3 



12 

17 

0502 

Structure &r Mechanism 

5 

3 

4, 811 


12 

15 

0503 

Avionics - ASE 

5 

3 

201 


10 

13 

0504 

Controls & Displays 

5 

* * wa* 

3 

243 


10 

Ik 

1 JBIIM ■■■*■■** 


ji. yvr^-vjs^fsr*. a ^ t -iidaf 'a'iiCf '^■'a^?5,'^S2!S®’^.;'XJjsaKs«?TaTy®3SE5n»ir(f^^ 

- r ' ^ 4“ ^ ^4 ^ gM mm inii mm §«si§ 





















































TABLE 2 

LES BASIC COST DATA 
NON-RECURRING DDTfcE 


DATA FORM A 

SCENARIO NO. B-1 

Pg. 2 of S6 


UBS 

CODE 1 

WBS IDENTIFICATION 

UBS 

LEVEL 

NO. OF 
UNITS 

10-0600 1 

Software 

4 

1 


COSTS IN 1000' S OF $ 


AVG. UNIT 


570) I K 


10-0700 I Svs(:emTest fit Evaluation 


0701 Development Testin 


ualification 


0702 


0703 I Mockuos 




10-0800 Ground Support Equipment 


0801 Checkout 


0802 Handling/Aasembly/Servicin 


( 2, 056) 


1,452 


484 


12 

2h 

12 

2h 

12 

2k 

10 

15 


1, 914 


10-0900 Ground Operations 


0901 Logistics /Trainin 


Field Support 


12 

18 

12 

18 


13 
































































TABLE 2 
DATA FORM A 


LES 

NON- 


V18S 

CODE 


WB5 IDENTIFICATION 


10-0100 


Project: Management 


10-0200 


LES Vehicle 


0201 


Integration &t Assembly - Vehicle 


0210 


Booster Stage 


0220 


Delivery Stage 


0221 


Integration Assembly - Del. Stage 


0222 


0223 


Strocture & M^echanigm 


Thermal System 


0224 


Main Propulsion 


0225 


Keaction Control System 


0226 


Data Management /Communications 


0227 


022B 


Guidance, Navigation & Control 


Elec:briral Power System 


10-0400 


LES Systems Engrg - LES/ASE Integr 


10-0500 


Airborne Support Equipment 


0501 


Integration Assembly 


0502 


Structure Mechanism 


0503 


Avionics - ASE 


0504 


Concrola &i Displays 




































































































TABLE 2 

LES BASIC COST DATA 
NON-RECURHING DDT&E 


DATA FORM A 

SCENARIO NO. B-2 

Pe:. if of 26 


ms 

CODE 

W8S IDENTIFICATION 

WBS 

LEVEL 

10-0600 

Software 

4 


10-0700 I Svshem Test & Evaluation 


0701 I Develooment Testin 


uaufication 


NO. OF I COSTS IN lOOO'S OF $ 









































































TI-O 


(I*- 


LES BASIC COST DATA 

table 2 NON-RECURHING DDTEtE 

DATA FORM A SCENARIO NO. B-3 Pg. :? of 26 


WBS 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

NO. OF 
UNITS 

COSTS IN lOOO'S OF $ 

■b 

^5 

TOTAL 

AVG. UNIT 

10-0100 

Project Management 

4 


( 100) 

R/A 

20 

33 









10-0200 

LES Vehicle 

4 

N/A. 

(30, 933) 

r/a 

20 

33 

0201 

Integration & Assembly - Vehicle 

5 


- 




0210 

Booster Stage 

5 

- 

- 


- 

M 

0220 

Delivery Stage 

5 

1 

30, 933 


20 

33 

0221 

Integration Sr-Assembly - Del. Stage 

5 

1 

1,099 


20 

■■ — " 

33 

0222 

Structure g; Mechanism _ . 

5. 

1 

3, 403 


16 

' ' ' 
33 

’■^iV 

0223 

Thermal System 

5 

1 

164 


6 

33 

0224 

Main Propulsion 

& 

2 

18, 300 


20 

33 

0225 

Reaction Control System 

5 

2 

3, 756 


20 

33 

0226 

Data. Management/Communications 

5 

2 

19 


7 

9 

0227 

Guidance, Navigation & Control 

5 

2 

3, 111 


12 

24 

0228 

Electrical Power Svstem 

5 

2 

1. 081 


■■ 

18 . 

26 









10 0400 

LES Systems Engrg - LES/ASE Integr 

4 


(172) 

N/A 

20 







... 



10-0600 

Airborne Support Equipment 

4 

3 


■ W/A 

12 

17 

0501 

Integration & Assemblv 

mm 

3 

116 


12 

17 

0502 

Structure & Mechanism 

5 

3 

4.811 


12 

15 

0503 

Avionics - ASE 

5 

mm 

201 


10 

13 

0604 

Concrols gt Displays 

5 

3 

243 


10 

14 

































C-12 


TABLE 2 
DATA FORMA 


LES BASIC COST DATA 
NON-RECURRMG DDT&E 
SCENARIO NO, B-3 


WBS 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

10-0600 

Software 

4 


COSTS IN TOGO'S OF $ 


TOTAL AVG. UNIT 


Pg. 6 of 26 


20' 24 


10-0700 Svsfe'n Test &r Evaluation 


0701 Development Testin 


ualLfication Testin 


0702 


0703 I MockuDs 


( 3,270) 


2.327 


824 


120 


12 

2h 

12 

2h 

12 

2h 

10 

13 


10-0800 } Ground Support Equipment 


0801 Checkout 


0802 Handling/Assembly/Servicin 


IO-O 9 OOI Ground Operations 


0901 Logis tics /Trainin 


Field Support 


2,036 


1,914 


20 

26 

20 

26 

20 

■ 

2 6 



12 

18 

12 

18 

10 

mm 


































































TABLE 2 
DATA FORM A 


LES BASIC 
NON-REGUR 
SCENARK 


WBS 

CODE 

i 

! WB5 IDENTIFICATION 

10-0100 

1 Project Management 


10-0200 LES Vehicle 


0201 Integration Assembly ~ Vehicle 


0210 Booster Stage 


0220 Delivery Stage 


0221 Integration S: Assembly - Del, Stage 


0222 I Structure 


0223 Thermal Sys tern 


0224 Main Propulsion 


0225 Reaction Control System 


0226 Data Manag ement / Communications 


0227 Guidance, Navigation S; Control 


0228 Electrical Power System 


10-0400 LES Systems Engrg - LE S/ASE Integr, 


10-0500 Airborne Support Eouiomen 


050 1 Integration Assembl 

0502 Structure & Mechanism 


0503 Avionics - ASE 


0504 Concrols & Displays 




























































































LES BASIC COST DATA 
ON-RECURSING DDT&E 



































































LES BASIC COST DATA 


TABLE 2 NON-HECURRING DDTfiiE 

DATA FORM A SCENARIO NO. B-5 ' ; Pg. 9 of 2b 


WBS 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

NO. OF 

COSTS IN 1000'S OF $ 



UNITS 

TOTAL 

AV(5. UNIT 

10-0100 

Project Management 

4 


lODL 

. _ h/a . 

20 

33 ... ■ 







1 


10-0200 

LES Vehicle 

4 

n/a 

(15,85:3) 

W/A 

20 


0201 

Integration &r Assembly - Vehicle 

5 


- . 


- 

_ 

0210 

Booster Stage 

5 

- 

— 


~ 


0220 

Delivery Stage 

5 

1 

(15, 85'3) 


20 ■ 

33 

0221 

Integration &c Assembly - Del. Stage 

5 

1 

804 


( 

.20 , 

33 

0222 

Structure Mechanism 


1 

2.296 


16 ^ 

33 

0223 

Thermal System 

5 

1 

164 


6 

33 

0224 

Main Propulsion 

5 

2 

6, 7^8 


20 

33 

0225 

Reaction Control System 

5 

2 

2, 001 


20 

33 

0226 

Data Management/Communications 

5 

2 

1‘9 


7 

9 

0227 

Guidance, Navigation & Control 

5 

2 

3, in 


12 

24 

0228 

' 

Electrical Power System 

6 

2 

710 


IS 

26 





• 




10-0400 

LES Systems Engrg - LES/ASE Integr. 

4 


(1721 

N/A 

20 ' 

33 


■ 





1 


10-0500 

Airborne Suooort Eouioment 

4 

3 

( 5,3711 

If/A 

12 . 

17 

0501 

Integration Assembly 



3 

116 


12' 

._.ii - 

0502 

Structure & Mechanism 

5 

3 

, 


12 

15 

0503 

Avionics - ASE 

5 

3 

201 


10 

13 

0504 

Concrols & Displays 

5 

3 

24.3 


10 

14 









TABLE 2 
DATA FORI^ A 

LES BASIC COST DATA 
NON-RECURRING DDT&E 
SCENARIO NO. B-5 



Pg- 10 of 26 


WBS 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

10-0600 

Software 

4 



COSTS IN 1000'S OF $ 


TOTAL I AVG. UNIT 







































































C-IT 


Y 


I 


LES BASIC COST DATA 

TABLE 2 NON-RECfJRRING DDT&E 

DATA FORM A SCENARIO NO. M -1 Pg> 11 of 26 


WBS 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

NO. OF 
UNITS 

COSTS IN 1000 'S OF $ 

■Td 

jS 

TOTAL 

AVG. UNIT 

10-0100 

Project Management 

.4 

- 

..( 100) 

r/a 

20 









HB 

10-0200 

LES Vehicle 

4 

r/a 

(14, 763} 

r/a 

20 

33 

’ 0201 

Integration & Aesennbly - Vehicle 

5 

- 

- 


- 

IBill 

0210 

Booster Stage 

5 

- 

- 

. . 1 1 1 1 . _ 

- 

- . 

0220 

Delivery Stage 

5 

,1.1 . -1- 

1 

14, 763 


22 

33 

0221 

Integra,ticii S? Assembly - Del. Stage 

5 

1 

733 

■ 

22 

33 

0222 

Structure & Mechanism .. 

5 

1 

2.069 


16 

33 

0223 

Thermal System 

5 

1 

164 


6 

33 

0224 

Main Propulsion 

5 

2 

6, 864 


22 

■ 33 

0225 

Reaction Control System 

5 

^ 2 

1, 178 


20 

33 

0226 

Data Management/ Communications 

5 

2 

19 


7 

9 

0227 

Guidance, Navigation & Control 

5 

2 

3. Ill 


12 

24 

0228 

Electrical Power System 

5 

2 

' 625 


18 

26 









10-0400 

LES Systems Engrg - LES/ASE Integr 

4 


U72) 

N/A 

20 

33 









10-0500 

Airborne Support Equipment 

4 

3 

{.5,371) 

■ r/a 

12 

17 

0501 

Inteijration Assembly 

. 5 

3 

116 


12 

17 

0502 

Structure & Mechanism 

5 

3 

4,811.. 


12 

15 

0503 

Avionics - ASE 

5 

3 

201 


10 

13 

0504 

Concrols & Displays 

5 

3 

243 


10 

14 




.1 . 



TABLE 2 
DATA FORM A 


LES 

NON- 



I 

j 


i ■/ 


0 

1 

H 

CD 


SC ENA 


WBS 

CODE 

WBS IDENTIFICATION 

10-0600 

Software 

- 


10-0700 

System Test &r Evaliiatton 

0701 

Development Testing 

0702 

Qualification Testing 

0703 

Mockups 



10-0800 

Ground Support Equipment 

0801 

Checkout 

0802 

Handling /Assembly /Servicing 



10-0900 

Ground Operations 

0901 

Logis tics /Training 


Field Support 


















f 



Q V4 

H 


Pg. 12 of 26 


DATA 

DDT&E 


RIO NO. M~1 




■ 

COSTS IN 1000'S OF $ * 

H 

Ts 

TOTAL 

AVG. UNIT 


4 

1 

( 570) 

W/A 

20 

24 









4 

n/a 

{ 2, 036) 

w/a 

12 

2k 


5 


1,432 


12 

2k 


5 

- 

484 


12 

2k 



1 

120 


10 

15 


B' 







4 


( 3,950) 

N/A 

20 

26 


5 

■BH 

2, 036 


20 

2-6 


5 

mm 

L914 


20 

26 









4 

N/A 

( 195) 

n/a 

12 

18 


5 


91 


12 

18 


5 

- 



10 

13 




* 


IBH 























' ' 





bB 







HH 

















1 . 



















































C-19 


TABLE 2 
DATA FORM A 


LES BASIC COST DATA 
NON-RECURRING DDT&E 

SCENARIO NO. M-2 Pg. 13 of 26 

■ ■ ■■ ■ I — . , p . . ■■■ — ■I I I I I ■ m y 


WBS 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

NO. OF 

COSTS IN 1000‘S OF $ 

■h 

h 

UNITS 

T0D\L 

AVG. UNIT 

10-0100 

Project Management 

4 


( 100) 

h/a 

on 

33 









10-0200 

LES Vehicle 

4 

n/a 

(15, 707) 

h/a 

20. 

33 

0201 

Integration & Assembly - Vehicle 

5 


- 



- 

. 0210 

Booster Stage 

5 

- 

- 


- 

- 

0220 

Delivery Stage 

5 

1 

fh5. 707) 


22 

33 

0221 

Integration & Assembly - Del. Stage 

5 

1 

778 


22 

33 

0222 

Structure & Mechanism 

5 . 

1 

2. 069 


16 

33 

0223 

Thermal System 

5 

1 

164 

1 III II 

6 

- 33 

0224 

Main Propulsion 

5 

2 

7, 765 


22 

33 

0225 

Reaction Control System 

5 

-2 

1, 176 


20 

33 

0226 

Data Management/Communications 

5 

2 

19 


7 

9 

0227 

Guidance, Navigation &r Control 

5 

2 

3,111 


12 

24 

0228 

Electrical Power System 

5 

2 

625 


18 

E6__ 









10-0400 

LES Systems Engrg - LES/ASE Integr 

4 


(172) 

N/A 

20 

33 









10-0500 

AirLiorne Support Eauioment 

4 

3 

(5,371) .. 

■ H/A 

12 

17 

0501 

Integration & Assemblv 

? 

3 

116 


12 

17 

0502 

Structure & Mechanism 

5 

3 

4.811 


12 

15 

0503 

Avionics - ASE 

5 

3 

201 


10 

13 

0504 

Concrols £t Displays 

5 

3 

243 


10 

14 



C-PO 




I- 

i : 


TABLE 2 

DATA FORM A 


WBS 

CODE 


10-0600 


10-0700 


0701 


0702 


0703 


10-0800 


0801 


0802 


10-0900 


0901 


0903 


LES BASIC COST DATA 
NON-RECURRING DDT&E 
SCENARIO NO. M-2 


Pg. 14 of 26 


WBS IDENTIFICATION 


Software 


Syglem Test St Evaluation 


Development Testing 


Qualification 


Mockups 


Ground Support Equipment 


Checkout 


Handling/As sembly /Servicing 


Ground Operations 


Logistics /Training 


Field Support 


WBS 

LEVEL 


4 


NO. OF 
UNITS 


n/a 


COSTS IN 1000'S OF $ 


TOTAL 


( 570) 


[ 1, 782) 


1, 107 


H/A 


N/A 


554. 5 


120 


3, 950) 


2. 036 


1, 914 


( 195) 


91 


104 


AVG. UNIT 


N/A 


n/a 


N/A 


n/a 


20 


12 


12 


12 


10 


20 


20 


20 


12 


12 


10 


24 


24 


24 


24 


T5‘ 


26 


2-6 


26 


18 


18 


13 





LES BASIC COS' 

TABLE 2 NON-RECURRINC 

DATA FORM A SCENARIO NO 


WBS 

CODE 

1 

WBS IDENTIFICATION 

WBS 

LEVE! 

10-0100 

Project Management 

4 

• 



lO-OEOO 

LES Vehicle 

4 

' 0201 


5 

0210 1 

Booste'r Stage 

5 

0220 

Delivery Stage 

5 

0221 1 


5 

0222 


5 

0223 I 

Thermal System 

B 

O 224 I 

Main Propulsion | 

5 

0225 1 

Reaction Control System 

5 

0226 

Data Management/Communications 

5 

0227 

Guidance, Navigation & Control 

5 

0228 

Electrical Power System 

5 




10-0500 

Airborne Support Equipment 

4 

0501 

Integration St Assembly 

i. 

0502 

Structure & Mechanism 

5 

0503 

Avionics - ASE 

5 

0504 1 

Concrola Displays 

5 


DATA 

DDT&E 

M-3 








































































































table 2 

DATA FORM A 


LES BASIC 
NON-RECUI 



i 


I ■ 

I 

) 

1 

T 7 

t! 


was 

CODE 

was IDENTIFICATION 

10-0600 

Soffc^vare 



10-0700 

System Test fc EvaluatLon 

0701 

Development Testing 

0702 

Qualification Testings 

0703 

Mockups 



10-0800 

Ground Support Equipment 

0801 

Checkout 

0802 

Handling /As sembly /Servicing 



10-0900 

Ground Operations 

0901 

Logis tics /Training 


Field Support 




















pg. l6 of 26 


COST DATA 
IRING DDT&E 
DNO. M-3 



was 

LEVEL 

NO. OF 
UNITS 

COSTS IN lOOO'S OF $ • 

H 

h 


AVG. UNIT 


4 

1 

( 570) 

U/A 

20 

24 









4 

n/a 

( 1,804) 

n/a 

12 

24 


5 

' 

1,200 


12 

24 


5 

-- . 

484 


12 

24 


5 

1 

120 


10 

15 ■ 







. . 


4 

H9I 

{ 3. 950) 

N/A 

20 

26 


5 


2,036 


20 

‘26 


5 

- 

1.914 


20 

26 









4 

N/A 

195) 

HBHH 

12 

18 


5 

■gH 



12 

18 


5 


HBRSIH 


ID 

13 




- 























wm 







■Hi 







HHI 







HH 


























































TABLfil 2 

DATA FORM A 


LES BASIC 
NON-RECUE 


WBS 

CODE UBS tPENTIFICATlON 


1 0-0 loo Pro.iect Management 


10-0200 

0201 

0210 

0220 

0221 

0222 

0223 

0224 

0225 

0226 

0227 

0228 


LES Vehicle 

Integration Asgembly - Vehicle 

Booste'r Stage - 

Deli very Stage 

Integration gii Assenably - Del. Stage 

.gtriu cjnir Jyl a c hajllejm 

Thermal Syatem 

Main Propulsion 

Reaction Control System 

Data Maiiagement/Comrnanlcationa 

Guidanc e^ Navigation Control 

Electrical Power System 


10-0400 


LES Systems Engrg 


- l ES/ASE Integr 


10-0500 
0501 
0 502 

0503 

0504 


Airborne Support Eqaipr. nt 
Integration Aasembly 
Structure £t Mechanism 
Avio n ics - ASE 
Concrols St Displays 


















































































S-0 


4 


TABLE 2 
DATA FORM A 


10-0600 Software 


LES BASIC COST DATA 
NON-RECURRING DDT&E 
SCENARIO NO. M-4 


WBS IDENTIFICATION 


WBS NO. OF COSTS IN TOGO'S OF $ 
LEVEL UNITS ' TOTAL I AVG. UNIT 


10-0700 System Test fc. Evaluation 

0701 Development Testing ' 

0702 QuaLificatLon Testing 

0703 Mockups 


( L981) 
1, 377 
484 


1Q-08QQ G round Support Equipment 

0801 Checkout 

0802 Haniling/Aasembly/Servicin 


3, 950) 
2,036 
1,914 



















TABLE 2 
DATA FORM A 


LES 

NON-. 




WBS 

CODE 

WBS IDENTIFICATION 

10-0100 

Pro.iect Management 



10-0200 

LiES Vehicle 

0201 

Integration & Assembly - Vehicle 

. 0210 

Booster Stage 

0220 

Delivery Stage 

0221 

Integration & Assembly - Del. Stage 

0222 

Structure & Mecbanipm 

0223 

Thermal System 

0224 

Main Propulsion 

0225 

Reaction Control System 

0226 

Data. Management/Communications 

0227 

Guidance, Navigation fit Control 

0228 

Electrical Power Svstem 



10-0400 

LES Systems Engrg - LES/ASE Integr 



10-0500 

Airborne Suoport Eauipment 

0501 

Integration & Assembly 

0502 

Structure & Mechanism 

0503 

Avionics - ASE 

0504 

Concrols &t Displays 





20 

33 

20 


HH 

33 

6 

.. 33 

20 

33 

20 

33 

7 

■ ■■■9 

12 

24 

18 

26 




































































































COST DATA 
IRmG DDT&E 


O NO. C-1 
















































































LZ-0 


TABLE 2 
DATA FORM A 


LES BASIC COST DATA 
KON-RECUiffllKG DDT&E 
SCENARIO NO. C-2 


Pg. 21 of 26 


WB5 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

NO. OF 
PHOTOS 

COSTS IN 1000 'S OF $ 

L 

L 

TOTAL 

AVG. UNIT 

10-0100 

Pro j ect Management 

4 



(100) 

N/A 

20 

33 









10-0200 

LES Vehicle 

4 

M/A 

(14.319) 

N/A 

. on . 

-33 

10-0201 

Vehicle Integration and Assembly 

5 

— 

___ 




10-0210 

Booster Stage 

5 

— 

— 



-- 

10-0220 

Deli-very Stage 

5 



1 

14,319 


20 

33 

10-0221 

Integration & Assembly-Delivery Stage 

5 

1 

737 


20 

33' 

10-0222 

Structure and Mechanism 

5 

1 

2,24i 


l6 

33 

10-0223 

Thermal System 

5 

1 

l64 


6 

33 

10-0224 

Main Propulsion 

5 

2 

6,564 


20 

33 

10-0225 

Reaction Control System 

5 

2 

750 


20 

33 

10-0226 

Data Management & Communications 

5 

2 

19 


7 

9 

10-0227 

Guidance Navigation and Control 

5 

2 

3,111 


12 

2k 

10-0228 

Electrical Power System 

5 

2 

733 


18 

26 









10-0300 

Facilities ' 

4 . 

— 

— 


20 

... 33 









10-0400 

LES Systems Engrg - LES/ASE Integr. 

4 

_ 

J172) 

N/A 

20 

38 














' 






















« ; em [ b ::."2 




t. , , ■ 




X LES BASIC COST DATA 


TABI.E ^ 

DATA,, form a 

KOE-RECUREING DDT&E 
SCENARIO NO. C-2 

' Pg. 22 of 26 


WBS IDENTIFICATION 


lQ~O5O0 Airlsorne Support Equipment 


10-0 501 i Integration and Test 


IO-O502 Struct\ire and Meclianisms 


iO-0503 Avionics - ASE 


10-0 50t (controls and Displays 


NO. OF 
UNITS 


COSTS IN lOOO'S OF $ 


AVG.UNIT 


201 


21^3 


1 0-O6OO So ftwer e 


10-0700 I System Test and Evaluation 


10-0 701 I'avelopment : 


IO-O702 Qualification 


IQ-0703 Mock-ups 


(i;ji27) 


1:^004 


iO-0800 

Ground Support Equipment 

10-0801 

Checkout 

10-0802 

Handling/As sembly /Servicing 


(3,950) 


2 


l,9lii 


10-0900 

Groimd Operations 

10-0901 

Logistics/Training 

10^0903 

Field Support 


( 195 ) 























































































o3-D 


LES BASIC COST DATA 

TABLE a NON-RECURRING DDT&E 

DATA FORM A ___ SCENARIO NO. 0-3 Fg. 23 of 26 


UBS 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEl 

NO. OF 

COSTS IN TOGO'S OF $ ] 

■b 


UNITS 

TOTAL 

AVG: UNIT 

10-0100 

Pro ject Manage ment ' 

■ 4- 


( 100) 

IT/A • 

20 

33 









10-0200 

LES Vehicle 

'' 4. 

- S/A 

(14, 376) 


:20 

--^3- 

‘ 0201 

Integration & Assembly - Vehicle ’ 

5 . 


■- ' 



- 

0210 

Booste'r Stage ^ 

'■ 5 

r ■ - 

■ -■ ' 



- 

0220 

Delivery Stage 

■ 5 

1 

14,376 



33 

0221 

Integration fe Assembly - Del. Stage 

5 

i 

750 


"20- 

33 

0222 

— — — — — — — ~ 

Structure it Mechanism 

5.__ 

"i 

2.296 


16 

33 

L=S:=S3B«. 

0223 

Thermal System 

5 

1 , : 

'■ 164 


6 

33 _ 

0224 

Main Propulsion 

5 . 

2 

5,325 


ZQ 

33 

0225 

Reaction Control System 


2 

2, 001 



^ '33,' \ 

0226 

Data Management/Communicationa 


2 


HHHii 

IHH 


0227 

Guidance. Navigation & Control 

5 

2 

MSBWil| 


12 


0228 

Electrical Power System' 

5 

2 

imiBBiiiii 


m 

■''26' " 



' 




HH 


10-0400 

LES Systems Engrg - LES/ASE Integr 

4 

— 

mmm 

N/A 

■SI 

33 



■■ 

IjUjH 

HHHI 




10-0500 

Airborne SuoDort Eauipment 

wm 

3 

iSKNHl 


12 

17 

0501 

Integration Assemblv 

HHI 

3 

116 


12 

warn 

0502 

Structure & Mechanism 

5 

3 

. 4,811 ... 


12 

LbJ 

0503 

Avionics - ASE 

5 

3 

201 


10 

B 

0504 

Concrols & D La play s 

5 



243 

. — 


10 

!&■ 


izz: izr c:r: !zir:irr:!ii2iir:[r2airric^csiiis^-g^ E::ri £;3 
















































tES BASIC COST BATA 


TABLE ^ NON-RECURRING DDT&iE 























































LES BASIC COST DATA 


TABLE 2 NON-RECURRING DDT&E 

DATA FORM A SCENARIO NO. C -4 ^ Pg, 25 . of 26 


WBS 

CODE 

WBS IDENTIFICATION 

iflli 

NO. OF 

COSTS IN TOGO'S OF $ j 

• Td 

"5 

UNITS 

TOTAL 1 

AVG. UNIT 

10-0100 

Project Management 

4 

HHI 

RHBSh 


20 

33 . ■ 




HH 

■■■■ 




10-0200 

LES Vehicle 

4 

HSBi 


■HHHli 

20 

■ 33 _ 

0201 

Integration & Aasembly* - Vehicle 

5 


— 

■■HMI 

- 


. 0210 

Booster Stage 

5 

bh 

- 


- 


0220 

Delivery Stage 

5 

m 

12,03Q 


20 

33 

0221 

Integration St Ap^embly - Del. Stage 

5 

1 



20.. .. 

33 

0222 

Structure & Mechanism . 

w 

1 

Bmh 


■ - -- 

33 

0223 

Thermal System 

5 

1 

164 


6 

33 ' 

0224 

Main Propulsion 

5 

2 

5,548 


20 

33 ' 

0225 

Reaction Control System 

5 

— 

625 


20 

33 

0226 

Data Management/ Communications 

5 

2 

19 


7 

9 

0227 

Guidance, Navigation & Control 

5 

2 

3, 111 


12 

24 

0228 

Electrical Power System 

5 

2 

525 


18 

26 






miiiiiiiiiii 



10-400 

LES Systems Engrg - LES/ASE Inteer. 

4 



HHHIi 

20 

33 






HHHH 



10-0500 

Airborne SuoDort Eouioment 

4 

3 

r 5.371) 


12 

17 

0501 

Integration St Assembly 

_ 5_ _ 

3 

116 


12 

17 

0502 

Structure &i Mechanism 

5 

3 

4,811 


12 

15 

0503 

Avionics - ASE 

5 


201 


10 

13 

0504 

Coni:rola & Displays 

5 

3 

243 


10 





L: '"'.1 





































































C-32 




LES 

TABLE 2 NON- 

DATA FORM A 




WBS 

CODE 

WBS IDENTIFICATION 

10-0600 

Software 



10-0700 

System Test & Evaluation 

0701 

Development Testing 

• 0702 

Qualification Testing 


Mockups 

Bki 


10-0800 

Ground Support Equipment 

0801 

Checkout 

0802 

Handling /A s s e mbly/S ervic ing 



10-0900 

Ground Operations 

0901 

Log is tics /Training 


Field Support 






*■ 









HHI 



































































TABLE 3 LES BASIC COST DATA 

DATA FORM A ii FOR OPERATIONS 

SCENARIOS B-1 Thru B-5, M-i Thru M-4 


WBS 

CODE 

WBS IDENTIFICATION 

mam 


COSTS IN lOOO'S OF $ . 

Hi 


TOTAL 

wpriPiiftBi 

20-0000 

Space Shuttle 

3 

112 

N/A 

N/A 

HHI 


20-0100 

User^s Charge-Cost/Launch 

4 

112 

if 


B 


20-0200 

’Orhiter Integration - 








Cost/Launch 

4 

112 

(2016) 

(18) 











10-0100 

Project Management - 








Annual Cost 

4 

10 

(5000) 

(500.0) 











10-0400 

System Engineering and Integration 

4 


■■■ 





Co St /Launch 

lllll 

112 






Annual Cost 


10 



' 

• 

10-0 401 

LES Systems Engineering 

5 





- • 


1 . . . 

Cost /Launch 


112 

12,264 

109. 5 




Annual' Cost 

■■ 

10 

' 3 , 800 

380.0 


f 


LES/ASE Integration 

B 

Hlii 






Cost/Launch 

5 

112 

1,904 

17.0 



10 - 0 L 03 

LES/Payload Integration 








Cost/Launch 

5 

112 

1,904 

17.0 




Sustaining Engineering 







■H 

Annual Cost 

5 

10 

2, 000. 

200, 0 











*NOTE 

User’s Charge is stage, payload, and missio’ 

1 depen 

lent . S 

ie Form 5, 



- 
































































£“D 


I i- — J i..„. i r^T t! ti-.- A-i M [ J i. 


3 LES BASIC COST DJ 

DATA FORM A OPERATIONS 

SCENARIOS E- 


WBS 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

10-^0900 

Ground Operations - 

4 


Cost/Launch 



Annual Cost 


10-0901 

Logistics/Training - 



Cost /Launch 

5 

10-0' VO 2 

Spares/Repair Parts 



Cost /Launch 

! 

5 

10-0903 

Field Support 

5 


Cost /Launch 



Annual Cost (Prior to 1983) 



Annual Cost (1983 and Suh) 





10-1000 

Flight Operations 



Cost /Launch 

4 


C '.— •• • p !mfn, |lt ‘I I |»«* • ^ ■ J I n> 

i - ^ — j — I , i r > >' i i- 


ITA 

1 Thru B-5, M-1 Thru M-4 ’’Pg. 2 of 19 


NO. OF 
UNITsS 

COSTS IN lOOO'S OF $ 

■^d 

„ L, 

TOTAL 

AVG. UNIT 



’ 



112 

(16,374) 

( 146.2) 



10 

(11, 733) 

(1173. 3) 








112 

1,008 

9.0 








112 

2, 800 

25.0 








112 

12, 566 

112,2 




617. 5 


9 


11, 115 


112. 2 
617. 5 
1235. 0 














WBS 

CODE 

WBS IDENTIFICATION 

20-0000 

Space Shuttle 

20-0100 

User's Charge - Cost/Launch 

20-0200 

Orbiter Integration - Cost/Launch 


10-^0401 


10-0100 I Pro .iect Management - Annual Cost 
Annual Cost - PM II 


Annual Cost - TRS 


10-0400 System Engineering and Integration 


Cost/l.aunch 


Annual Cost 


Systems Enq1neer1n 


Cost/Launch 


Annual Cost - PM II 


Annual Cost - TRS 


10-0402 ASE Integration - Cost/Launch 


10-0403 Payload Integration - Cost/Launch 


10-0404 Sustaining Engineerin 


Annual Cost - PM II 


Annual Cost - TRS 


WBS NO. OF 
LEVEL UNITS 




COSTS IN TOGO'S OF $ 


AVG. UNIT 

1 N/A 

N/A 


( 1 . 782 ) 



( 18 ) 



9 

4,500 

500.0 

10 

5,000 

1 500.0 



(14,207) 

(143.5) 

(11,020) 

(1060.0) 




9 

1,800 

200.0 

10 i 

2,000 

200.0 


User's Charge is_stage, paj;lgad,._and missipjijjeperident. See Jorm ,5._ ! 




e-si 




































































WBS IDENTIFICATION 


IO-O9OO Ground Operations - 


Cost/Laimch 


Annual Cost 


IO-O9OI Logistics/Training - 






10-^0903 Field Support 


Co St /Launch 


Annual Cost (Prior to 1983 ) 


Annual Cost (1983 and Sub) 



WBS 

LEVEL 


COSTS IN TOGO'S OF $ 


TOTAL AVG. UNIT 


Pg , 4 of* 19 


T. 




99 

(T4,474) 

(T46.2) 

TO 

(TT,733) 

(TT73.3) 



99 

i TTJ08 

T 

6T7.5 




TT2.2 


6T7.5 























































C-3T 


TABLE 3 

DATA FORM A 


CODE WBS IDE N TIFICATION 

20-000 Q Space Shuttle 

20-0100 User^s Ctiarge-Cost/LaunGli 
20-0200 Orbit er Integration - 
Cost/Launcb 


BASIC COST DATA 
II FOE OPERATIONS 

SCENARIO E-2 


WBS NO. OF 
LEVEL UNITS 


COSTS IN 1000*5 OF $ 
TOTAL I AV6. UNIT 
N/A N/A 


( 1,782) I (18.0) 


10-0100 Project Management - 
Annual Cost 


(5,000) 1 (500.0) 


10-0400 System Engineering and Integration 
Cost /Launch 
Annual Cost 

10-0401 ■ Systeans Engineering 


10-0401 Systeans Engineering 

Cost /Lau nch 

Annual Cost 

10“0402 ,'ASE Integration 
Cost /Launch 

10“0403 Payload Integration 

Cost/Launch 

10-04 04 Sustaining Engineering 
Annual Cost 


*NOTE User's Charge is stage, payload, and mission dependent, Form 5, 


99 . 

(14,207) 

(143.5 

10 

(5,800) 

(580.0 




99 

10,841 

109.5 

10 

*3,800 

380.0 




99 

1,683 

17.0 

1 



99 ^ 

1,683 

17.0 



. 

10 

2,000 , 

200.0 




.ent , S' 

le Form 5* 



■ T 




■r- ' t p---. 1 



C-38 


: BASIC COSO? DATA 

FOR OPERATIONS 

‘PABLE 3 ■ ■ ii V . n q 

DATA FORM A SCENARIO E-2 


V/BS 

CODE 

UBS IDENTIFICATION 

MW 

EBl 

NO. OF 
UNITS 

COSTS IN 1000‘S OF $ 

Td 

T 

TOTAL 

AVG. UNIT 

10-0900 

Ground Operations - 

4 







Cost/Launch. 


99 

(14,474) 

(146.2) 




Annual Cost 


10 


(1173.3) 



10-0901 

Logistics/Training - 

5 







Cost/Launch 


99 

891 

9.0 



lO-tTo^ 

Spares/ Re pair P^ts 

5 







Cost/ Launch. 


99 

2,:475 

25.0 



10-0903 

Field Support 

5 







Cost/Launch 


99 


112.2 

• 



Annual Cost (Prior to 1983) 


. . 1 ... 


617.5 




Annual Cost (1983 and Suh) 


9 

■ERH 






Hi 



WIWWI 



10-1000 

Flight Operations 

B 



HBBSi 

WH 



Cost/Launch 


99 

-(297) 

WBWid 

Wim 







iwwwi 

WW 

pmniiii 

* 

1 1. 1 1.. 

SSUS Service Charges 

3 

• 




iWWI 


• 

Mission Oriented Analysis - Cost /fission 


2 

1500 

750 




Launch Oriented Analysis - Cost /Launch 


3 

1350 

450 












• 



% 













* 































































6£-D 


BASIC COST DATA 
FOR OPERATIONS 
SCENARIO E-3 


TABLE 3 

DATA FORM A . Pg. T, of 19 


WBS 

CODE 

WBS IDENriFICATION 

WBS 

LEVEL 

NO. OF 
UNITS 

COSTS IN 1000 '5 OF $ . 

m 


TOTAL 

AVG. UNIT 


SSUS Service Charges 

3 


35,250 





Mission Oriented Analysis - Cost/Missi 

3n 

17 

12,750 

750 




Launch Oriented Analysis - Cost/ Launch 


50 

22,500 

450 

' 








[HI 










' 




































V 










* 
















Bi 



* 





HHI 


' 






HHi 



. .. 

















, . , .... ... 


» 












\ 

\ 






IQS 

* 

t 

• 












- 






■■■■■ t 


P. ^ 

L-V 






r 

u 


•aMr-T 


G:'-a 







rn 



0^-0 


TJffiLE 3 
DATA FORM A 


BASIC COST data 
FOR OPERATIONS 

SCENARIO E-4 


Pg. 8 of 19 


WBS 

CODE 

VjBS IDENTIFICATION 

WBS 

LEVEL 

NO. OF 

COSTS IN 1000'S OF $ 



UNITS 

TOTAL 

AV6. UNIT 

20-0000 

Space Shuttle 

3 

49 

K/A 

■ H/A 



20-0100 

User ' s Charge-Cost /Laimch 

4 

49 

* 




20-0200 

Orhiter Integration — 

4 







Cost/Lavmch 


49 

(882) 

(18.0) 










• 

10-0100 

Project Management - 

4 







Annual Cost 


10 

(5,000) 

(500.0) 








P 1 . HIM 1 • 



10-0400” 

System Engineering and Integration 

4 







Cost/Launch 


49. 

(7,032) 

(143.5) 




Annual Oost 


10 

. (5,800) 

(580.0) 



10-0401 

. Systems Engineering 

5 







Cost /Launch 


49 

5,366 

109.5 




Annual Cost 


10 


*380.0 



10-0402 

ASE Integration 

5 




. 



Cost/Launch 


49 . 

833 

17.0 



10-0403 

Payload Integration 

5 







Cost/Laimch 


49 

833 

17.0 



iBSS&ll 

Sustaining Engineering 

5 


[■Hi 




IHIHI 

Annual Cost 


10 

wmm 

200.0 











*KOTE 

User's Charge is stage, payload, and missio 


[9ES9SI1III1 



1 





































BASIC COST DATA 


TABLE 3 

FOR OPERATIONS 


SCENARIO E-h 


TiAmA ■mrsTiiL.T rt 

“ Pg, 9 of 19 


V^BS 1 

CODE I WBS IDENTIFICATION 


10-0900 Grotmd Operations - 


Cost /Launch 


Annual Cost 


IO-O9OI Logistics/TralnlniE: - 


Cost/Launch 

02 I Spares/ R^aair Pferts 


IO-O9O3 Field Support 


Cost/Laux'ich 


Annual Cost (Prior to 1903) 


Annual Cost (l?83 and Sub) 


LEVEL ' UNITS 


k 


COSTS IN lOOO'S OF $ 


AV6. UNIT 




U9 

5A98 

112.2 

1 

61T.5 

6IT.5 

9 

11115 

1235.0 


















































TABLE 3 


BASIC COST DATA 
FOR OPERATIONS 
SCENARIO E~5 


Pg. 10 of 19 



WBS IDENTIFICATION 

WBS 

LEVEL 


COSTS IN 1000‘S OF $ 

H 

Ts 

UI2u« 

BRilTiftlB 

AVG. UNIT 

20-0000 

Space Shuttle 


_36. .. 

H/A 

W/A 


■ 

20-0100 

User's Charge-Cost /Launch 

mm 

36 

* 




20-0200 

'Orbiter Integration - 

HHI 







Cost/Launch 


36 






- 







10-0100 

Project Management - 








Annual Cost 


9 

(4500) 

(500.0) 











"io-o4oo 

System Engineering and Integration 

k 



• 




Cost /Launch 

mil 

36. 

(5166) 

(i43.5) 




Annual cost 

B 

9 

. (5220) 

(580.0) 



lO-OUOl 

Systems Engineering 

5 







Cost/Launch 

■ 

36 

3942 

109.5 




Annual Cost 


9 

3420 

380.0 


■ 

lO-Oi+02 

ASE Integration 

5 







Co St /Launch 


— 

6i2 

17.0 



10-0J;03 

Payload Integration 

5 

mmi 

mmmm 





Cost/La\inch 


36 

6i2 

17.0 



jjgggigjl 

Sustaining Engineering 

5 







Annual Cost 


9 


200.0 











*N0TE 

User‘^6 Charge is stage, payload, and missio 


ient * S 


immmmi 

immi 































































TABLE 3 


■ BASIC COST DATA 
FOR OPERATIONS 


WBS 

CODE 

WBS IDENTIFICATION 

_n_ _ 1 -■ ■ r. .. 

WBS 

LEVEL 

NO, OF 
UNITS 

COSTS IN lOOO'S OF $ 

■fd 


TOTAL 

AVG. UNIT 

IO-O 9 OC 

Ground Operations - 

k 







Cost /Launch 


36 

{ 5263 ) 

(146.2) 




Annual Cost 


9 

( 11115 ) 

( 1235 ) 



10-0901 

Logistics/Training - 

5 







Cost /Launch 


36 

32 L 

9.0 



10-'6¥02 

Spares/ Repair Parts 

5 







Cost/Launch 


36 

900 

25.0 



10-0903 

Field Support 

.5.. 




• 



Cost /Launch 


36 

L 039 

112,2 




Annual Cost (Prior to 1933) 


0 

0 

6 IT .5 




Annual Cost (1983 and Sub) 


-.9 

■mm 

1235 











10-1000 

Flight Operations 

h 







Cost/Laxmch 


36 

( 108 ) 

’(3.0) 


' 










SSUS Service Charges 

3 


2L,450 





Mission Oriented Analysis - Cost/Mission 


11 

8,250' 

T50 




Launch Oriented Analysis - Cost /Launch 


36 

16,200 

450 



























■■■ 

■ 








i iWastr.V < -toWs- 


if 




























SCOUT COST DATA 


table 3 FOR OPERATIONS 

DATA FORM A ALL EXISTING/PLANNED SCENARIOS Pg. 12 of 19 


WBS 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

NO. OF 
UNITS 

COSTS IN 1000 'S OF $ 



TOTAL 

AVG. UNIT 

10-000 

Scout Operations - Annual Cost 

3 

4 

(19,244) 

(4811.0) 












Program Management 

4 

4 

4,400 

1100.0 




Systems Engineering 

iL 

4 

1,800 

450.0 




Reliability and Quality Control 

4 

4 

2,000 

500.0 




Production Support 

4 

4 

1,200 

300.0 




Standardization and Configuration Control 

4 


800 

200.0 




Logistics Management 

4 

4 

388 

97,0 




Field Services SuDOort 

4 

4 

6.216 

1554.0 




Systems Research and Development 

4 

4 

1,600 

400.0 




Launch Site Support 

4 

4 

400 

100.0 




Range Charges 

4 

4 

280 

70.0 




DCASO 

4 

4 

160 

40.0 















“ 





























































^tj-0 


SCOUT COST DATA 
FOR OPERATIONS 

ALL EXISTING/PLANNED SCENARIOS 


WBS 

CODE 



WBS IDENTIFICATION 

WBS 

LEVEL 

NO. OF 

COSTS IN 1000' S OF $ . 



UNITS 

TOTAL 

AV6. UNIT 

20-000 

Scout Launch Charges - Per Launch 

3 

11 

(1^6,987) 

(4272) 












Scout Hardvare fit Launch Service 

h 

11 


3817 




Vehicle Hardware & Processing 

5 

11 

37,719 

3429 




Mission Integration 

5 

11 

kko 

40 




Preflight Planning 

5 

11 

330 

30 




Data Reduction and Analysis 

5 

11 

660 

6o 




Shipping 

5 

11 

275 

25 


.. . ... .. 


Contractor Incentive 

5 

11 

1100 

100 




DCASO 

5 

11 

HH9H 

33 




Range Charges 

5 

11 

1100 

100 












Additional Scout Charces 

1 

■■ 






San Marco Range Services 

5 

mm 


1000.0 




Scout Fifth Stage 

5 

2 

1000 

500.0 




.. .. - 
































' 







* 

! i 







1 j 

____ 

1 


* 




i 
















9t?-3 


TABLE ^ 

DATA FORM ^ 


LES BASIC COST BATA 
FOB OPERATIONS 
SCENARIOS C-1, C-2, C-3 


Pa. l4 of 19 


WB5 

CODE 

WBS IDENTIFICATION 

WBS 

LEVF.L 

NO. OF 

COSTS IN 1000’S OF $ 


T, 

UNITS 

TOTAL 

AVG. UNIT 

20-0000 

Space Shuttle 

3 

103 

K/A 

N/A 


• 

20-0100 

User's Charge-Cost /Launch 

4 

103 


it 



20-0200 

Orbit er Integration - 








Cost /Launch 

4 

103 

(1,854) 

(18) 











10-0100 

Project Management - 








Annual Cost 

4 

10 

(5,000) 

(500.0) 





. 






lO-OJiOO" 

System Engineering and Integration 

4 







Co St /Launch 


103 

(i4,T8i) 

(143.5) 




Ahnuai^Cbst 


10 

(5,800) 

(580.0) 



10-0401 

LES Systems Engineering 

5 







Cost /Launch 


103 

11,279 

109,5 




Annual Cost 


10 

3,800 

380.0 



10-0402 

LES/ASE Integration 








Cost/Launch 

5 

103 

1,751 

17.0 



10-0403 

LES/Payload Integration 








Cost /Launch 

5 

103 

1,751 

17.0 



io-o4o4 

Sustaining Engineering 








Annual Cost 

6 

10 

2,000 

200.0 











»M0TE 

User's Charge is stage, payload, and missio: 

1 depen 

lent . S 

»e Form 5* 






Ln~D 


TABLE 3 

DATA FORM A 


LES BASIC COST DATA 
FOR OPERATIONS 
SCENARIOS C-1, C-2, C-3 


Pg. 15 of 19 


WBS 

CODE 

WBS IDENTIFICATION 


NO. OF 

COSTS IN 1000’S OF $ 



UNITS 

TOTAL 

AVG. UNIT 

10-0900 

Groiind Operations - 








Cost /Launch 

k 

103 

(15,059) 

(146.2) 




Annual Cost 

BSH 

10 

(11,133) 

(1,173.3) 



10-0901 ' 

Logistics /Training - 








Cost /Launch 

5 

103 

927 

9.0 


BBI 

10-6" ^021 

Spares/Repair Parts 





iHii 

BBI 


Cost/Launch 


103 

2,575 

25.0 



10-0903 

Field Support 

B 







Cost /Launch 

B 

103 

11,557 

112.2 




Annual Cost (Prior to 1983) 


1 

617.5 

617.5 




Annual Cost {1983 and Suh) 


9 

•1«IL 

1,235.0 



— 1 








10-1000 

Flight Operations 








Cost/Laimch 

4 

103 

(309) 

(3) 




■ ■ 






























■■1 











iimii 

HHI 




B 




HHI 



























































TABLE 3 
DATA FORM A 


i ' 


t 


LES BASIC COST DATA 
FOR OPERATIONS 
SCENARIO C -4 


was 

CODE 

was IDENTIFICATION 

WBS 

LEVEL 

Nl 

U 

20-0000 

Space Shuttle 

3 


20-0100 

User’s Charge-Cost /Launch 

4 


20-0200 

Orbit er Integration - 




Cost /Launch 

4 






10-0100 

Project Management - 




Annual Cost 

4 



' 



lO-OAOO 

System Engineering and Integration 



. 

Cost /Launch 

4 



Annual Cost 



lO-OLoi 

LES Systems Engineering 

5 



Cost /Launch 

||||H 

1 


Annual Cost 

B 

! 

10-OL02 

LES/ASE Integration 

B 

I 


Cost/Launch 

5 


10-0L03 

LES/Payload. Integration 




Cost /Launch 

5 


lO-OLoA 

Sustaining Engineering 




Annual Cost 

5 






«KOTE 

User's Charge is stage, payload, and "'issio 

)i depen 

ie 


Pg. l6 of 19 


3. OF 

COSTS IN TOGO'S OF $ 

H 


^IT$ 

—idiSHWI 

AV(i. UNIT 

78 

N/A 

N/A 


• 

78 


* 








78 

(1404) 

( 18) 













10 

(5000) 

(500.0) 













78 

( 11 , 193 ) 

(143. 5) 



10 

..... 

(5800) 

(580.0) 








78 

8541 

109 . 5 



10 

3800 

*380. 0 






. 


78. 

1326 

17.0 








78 

1326 

17.0 








10 

mu 

200.0 






t* 


nt. S 

je Form 5. 





IL 
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TABLE 3 
DATA FORM A 


II 


LES BASIC COST DATA 
FOB OPFRATIONvS 
SCENARIO C-4 


• Pg. 17 of 19 


WBS 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

NO. OF 
UNITS 

COSTS IN lOOO'S OF $ 



TOTAL 

AVG. UNIT 

10-0900 

Ground Operations - 

4 







Cost /Launch 


78 

(11,404) 

( 146.2) 




Annual Cost 


10 

( 1, 733) 

(1173.3) 



10-0901 

Logistics/Training - 








Cost/Launch 

5 

78 

702 

9.0 



“io-l59o^ 

Spares /Repair Parts 








Cost /Launch 

5 

78 

1,950 

25. 0 



10-0903 

Field Support 

5 







Cost /Launch 


78 

8, 752 

112. 2 




Annual Cost (Prior to 19Q3) 


1 

617. 5 

617. 5 


HH 


Annual Cost (1983 and Suh) 


9 

11,115 

1235.0 


mnn 








■■ii 

10-1000 

Flight Operations 








Cost /Launch 

4 

78 

( . 234) 

( 3) 












































■ 
















1- 








» 


nr 



SCOUT COST 
FOR OPERA' 



Pg. 18 of 19 




























SCOUT COST DATA 


table 3 for OPERATIONS 

DATA FORM A ALL COMBINATION SCENARIOS Pg- 19 of 19 


WBS 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

— 

NO. OF 
UNITS 

COSTS IN lOOO'S OF $ 



TOTAL 

AVG. UNIT 

10-000 

Scout Operations - Annual Cost 

3 

3 

04,433) 

(4811.0) 












Program Management 

4 

3 

3,300 

1100. 0 



— — — 

Systems Engineering 

4 

3 

1,350 

450.0 



Reliability and Quality Control 

4 

3 

1,500 

500.0 




Production Support 

4 

3 

900 

300.0 




Standardization and Configuration Control 

4 

3 

600 

200.0 




■ 

Logistics Management 

4 

3 

291 

97.0 




Field Services Support 

4 

3 

4,662 

1554.0 




Systems Research and Development 

4 

3 

1,200 

400.0 




Launch Site Support 

4 

3 

300 

100.0 ' 




Range Charges 

4 

3 

210 

70.0 




DCASO 

4 

3 

120 

40.0 




































— ■ - - - - - ■ - ^ — ■_ 1 
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TABLE J 4 

basic cost data 

PRODUCTION 

ALL CONFIGURATIONS - EXTSTIRG/PLANNED SYSTEMS 


DATA FORM A 

r- ■ — 


Pg. 1 of 15 


WBS IDENTIFICATION 


10-000 SSUS-D 


For Scenario E-1, E-2 


For Scenario E-3 


For Scenario E-t; 

For Scenario E-5 


m. OF COSTS IN 7000'S OF $ 


LEVEL UNITS 


TOTAL 


AVO. UNIT 


' 

2,426 

121,300 

2,426 

2 ,L 26 

2,426 

87,336 

2,426 


For Scenario E-1 


For Scenario E-5 


35,172 


10-000 TRS-2 Tank 


For Scenario E-1 Cost/ R & R 


For Scenario E-2 Cost/ R & R 


For Scenario E-t Cost/ R & R 


11,000 


33 


hi 


21,021 


11,000 


539 


539 


539 


10-000 TRS-L Tank (ROTE) 


For Scenarios E-1, E-2, Cost/Unit 

For Scenarios E-1, E-2 Cost/R & R 


For Scenario E-I+ Cost/ R & R 


11 ,000 


6lU 


6il^ 



















































TABLE ^ 

DATA FORM A 

V/BS 

CODE \ 

10-0200 Les Vehicle 


LES BASIC COST DATA 
PRODUCTION 

COZUflGURATIOR: k TANK IIORIZ BIPBOP 


WBS IDENTIFICATION 


10-0201 Vehicle Integration and Assembly 
10-0210 Booster Stage 

10-0220 Delivery Stage 

10-0221 Integration and Assembly 
10-0222 Structure 
10-0223 Thermal 
10-022A Main Propulsion 
10-0225 


WRS NO. OF 
LEVEL UNITS 


10-0226 

Data Management /Communications 

10-0227 

G3&C 

10-0228 

Electrical Power 


8 >311 
8,617 
3,o68 

64,25 4 

21,471 


987 


72,296 


1,713 


80.7 

85.6 

29.8 
623.8 
208,5 


9.6 


701.9 


16.6 


Pg. 2 of 15 























TABT.E ^ 

DATA FORM A 


LES BASIC COST DATA 
PRODUCTION 

COHJTGURATIOW: 8 TANK HORIZ BIPROP ^ of 15 


WBS 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

NO. OF 
UNITS 

COSTS IN lOOO’S OF $ 

Td 

Ts 

TOTAL 

AVG. UNIT 

10-0200 

LES Vehicle 

4 

103 

(219,871) 

(2,134.7) 

18 

18 

10-0201 

Vehicle Integration and Assembly 

5 

— 

— 

— 



10-0210 

Booster Stage 

5 

— 

— 

— 

— 

mm 

10-0220 

Delivery Stage 

5 

103 

219,871 

2,134.7 

18 

18 

10-0221 

Integration and Assembly 

5 

103 

10,721 

104.1 

18 

i8 

10-0222 

Structure 

5 

103 

9,4iO 

91.4 

18 

18 

10-0223 

Thermal 

5 

103 

3,087 

30.0 

18 

18 

10-0224 

Main PropiiLsion 

5 

103 

99,930 

970.2 

18 

18 

10-0225 

RCS 

5 

103 

21,471 

208.5 

15 

15 

10-0226 

Data Management/Communications 

5 

103 

987 

9.6 

2 

2 

10-0227 

GN&C 

5 

103 

72,296 

701.9 

12 

12 

10-0228 

Electrical Power 

5 

103 

1,969 

19.1 

8 

8 








■mu 








jmlm 





- 
























































i 
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TABLE h 
DATA FORM A 


LES BASIC COST DATA 
PRODUCTION 

CONFIGURATION: 4 Tank Vertical BiProp 


WBS IDlNTIFICATION 


10-0200 LES Vehicle 

0201 Vehicle Integration & Assembly 

021 0 Booster Stape 

0220 Delivery Stage 

0221 Integraiion Assembly - Del. Stg. 

0222 Structure Mecha nia m 

0223 Thermal System 

0224 Main 

0225 Reaction Control System 

0226 Data Management/ Co mmanications 

0227 Guidance, Navigation &: Control 

0228 Electrical Power System 


WBS NO. OF 
LEVa UNITS 


COSTS IN 1000‘S OF $ 


AV 


182. 506 


182, 506 


10,406 


3, 068 


64. 254 


21,471 


987 


72,296 


1, 713 


1771. 9 


1771. 9 


80. 7 


101.0 


29.8 


623.8 


208. 5 


701.9 


Pg. 4 of 15 


16 1 18 




































































LES BASIC COST DATA 


TABLE ^ 

PRODUCTION 


DATA FORM A 

CONFIGURATION: 12 Tank Vertical BiProp 

- 1 Ml - ■" .■■■■— » , — .P.— , 

Pg. 5 of 15 

■ Mf ^ , 1 ■ „ ^.| 


10-0200 


0201 


0210 


0220 


0221 


WB5 IDENTIFICATION 


LES Vehicle 


Vehicle Integration &c Assemble 


Booster Stage 


Deliverv Stage 


Integration Assembly - Del. Stg. 


0222 I Structure & Mechanism 


0223 Thermal System 


0224 Main Propulsion 


0225 Reaction Control System 

0226 Data Management /Communications 


0227 Guidance, Navigation Si Control 


0228 Electrical Power System 


NO. OF 
UNITS 


COSTS IN lOOO’S OF $ 


AVG. UNIT 


2405. 6 


TOTAL 


247. 772 


247. 772 


14, 205 


14,935 


3, 087 


118, 575 


21, 471 


987 


72, 296 


2, 216 


2405. 6 

18 

18 

137. 9 

18 

l8 

145. 0 

18 

16 

1 

30.0 

18 

18 ’ 

1151-2 ! 

18 

18 

1 

208. 5 ! 

— 

15 

9.6 

2 

2 

701.9 

12 

12 

21. 5 

8 

8 
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TABLE ^ 

DATA FORM A 


LES BASIC COST DATA 
PRODUCTION 

CONFIGURATION: 4 Tank Vert. BiProp + SSUS-D 


WBS 

CODE 

WBS IDENTIFICATION 

wss 

LEVEL 

NO. OF 
UNITS 

10-0200 

LES Vehicle 

4 

103 

0201 

Vehicle Integration &t Assembly 

5 

103 

0210 

Booster Stage 

5 

103 

' 0220 

Delivery Stage 

5 

103 

0221 

Integration Sr Assembly - Del, Stg. 

5 

103 

0222 

Structure St Mechanism 

5 

103 

0223 

Thermal System 

5 

103 

0224 

Main Propulsion 

5 

103 

0225 

Reaction Control System 

5 

103 

0226 

Data Management/Communications 

5 

103 

0227 

Guidance, Navigation & Control 

5 

103 

0228 

Electrical Power System 

5 

103 


COSTS IN lOOO'S OF $ 

TOTAL 

AVG. UNIT 

{434, 049) 

4214. 1 


Incl. W 


249. 878 


184, 171 


8, 311 


12, 071 


3, 068 


64, 254 


21, 471 


987 


72, 296 


1. 713 




1788. 1 


80. 7 


117. 2 


29.8 


623.8 


208. 5 


9.6 


701. 9 



18 

18 

18 

18 

18 

18 

15 

15 

2 

2 

12 

12 

8 

8 



























































































LES BASIC COST DATA 


TABLE ^ PRODUCTION 

DATA FORM A CONFIGURATION: 4 Tank Vert BiProp + S5US-A T of 15 


WBS 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

NO. OF 
UNITS 

COSTS IN TOGO'S OF $ 

R 

h 


AVG. UNIT 

10-0200 

LES Vehicle 

4 

103 

(600, 227) 

(5827.4) 

18 

18 

0201 

Vehicle Integration & Assembly 

5 

103 


iiTi'ttUi 

18 

i8 

- 0210 

Booster Stage 

5 

103 

374, 817 

3639 

wm 

18 


Delivery Stage 

_5 . 

103 

esrprhi 

HRHHHI 


18 

0221 

Integration & Assembly - Del. Stg. 

5 

103 

8, 414 

81.7 

18 

l8 

0222 

Structure Mechanism 

5 

103 

12. 701 

123. 3 

18 

18 


Thermal System 

5 

103 

3, 068 

29.8 

18 ■ 

18 

0224 

Main Propulsion 

WBM 

103 

64, 254 

623. 8 

18 

18 

0225 

Reaction Control System 

H 

103 

61, 977 

601. 7 

15 

15 

0226 

Data Management /Communications 

5 

103 

987 

9.6 

2 

2 

0227 

Guidance, Navigation Control 

5 

103 

72, 296 

701, 9 

12 

12 

0228 

Electrical Power System 

5 

103 

1,713 

16- 6 

8 

8 





















- 




























r 













... 















“ — — -mm.rnn 






















































TABLE 4 
DATA FORM A 


LES 


WBS 

CODE 

WBS IDENTIFICATION 

10-0200 

LES Vehicle 

0201 

Vehicle Integration & Assembly 

0210 

Booster Stage 

’ 0220 

Delivery Stage 

0221 

Integration Assembly - Del. Stg. 

0222 

Structure & Mechanism 

0223 

Thermal System 

0224 

Main Propulsion 

0225 

Reaction Control System 

0226 

Data Management/ Communications 

0227 

Guidance, Navigation Control 

0228 

Electrical Power System 








































































































TABLE h 

DATA FORM A 


LES BASIC COST DATA 

PRODUCTION ^ 

CONFIGURATION: 4 Tank Horizontal BiProo + SSUS-A 


CODE WB$ IDENTIFICATION 


10-0200 LES Vehicle 


0201 Vehicle Integration S; Assembly 


. 0210 Booster Stage 


0220 Delivery Stage 


0221 Integration Assembly - Del. Stg. 


0222 Structure Mechanism 


Thermal System 


0224 Main Propulsion 


0225 Reaction Control Sys tern 


0226 Data Management /Communications 


0 227 Guidance, Navigation 8i Control 


0228 Electrical Power System 


NO. OF 
UNITS 


COSTS IN 1000’S OF $ 


TOTAL 


598, 379) 




374, 817 


223. 562 


8, 414 


10, 853 


3, 068 


64. 254 


61, 977 


987 


72, 296 


1. 713 


AVG. UNIT 


5809. 5) 


3639 


2170. 5 


81.7 


105.4 


29- 8 


623. 8 


'601. 7 


9.6 


701. 9 


16.6 


Td 

Ts 

18 

18 

i8 

18 

18 

18 

l8 

18 

18 

18 

18 

18 

18 

18 

18 

18 

15 

15 

2 

2 

12 

12 

8 

8 


























































































Pg. 10 of 15 


TABLE h 
DATA FORM A 


LES BASIC COST DATA 
PRODUCTION 

CONFIGURATION: 2 Tank Horizontal Monopropellant 


NO. OF COSTS IN TOGO'S OF $ 


WBS IDENTIFICATION 


10-0200 LES Vehicle 


0201 Vehicle Integration & Assembly 


0210 Booster Stage 


0220 Delivery Stage 


0221 Integration & Assembly - Del, Stg. 


0222 Structure & Mechanism 


0223 Thermal System 


0224 Main Propulsion 


0225 Reaction Control System 


0226 Data Management/Communications 


0227 Guidance, Navigation Control 


UNITS 


(137, 460) 


137, 460 


8, 105 


10, 140 


3, 068 


41, 231 


AVG. UNIT 


(1334. 6) 


1334. 6 


78. 7 


98.4 


29. 8 


400. 3 


Inci W/Prctpulsion 


987 


72, 296 


701. 9 


0228 Electrical Power System 


1, 633 







































































LES BASIC COST DATA 


TABLE h PRODUCTION 

DATA FORM A CONFIGURATION: 8 Tank Horizontal Monopropellant 


WBS 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

NO. OF 

COSTS IN lOOO’S OF $ 

h 


UNITS 

TOTAL 

AVG. UNIT 

10-0200 

LES Vehicle 

4 

103 

(205, 841) 

(1998.5) 

18 

_18 

0201 

Vehicle Integration & Assemblv 

5 


_ 


_ 

- 

0210 

Rooster Stage 

5 






0220 

Delivery Stage 

5 

103 

205, 841 

1998, 5 

18 

18 

0221 

Integration & Assemblv - Del. Stg. 

5 

103 

10, 618 

103. 1 

18 

18 

0222 

Structure & Mechanism 

i 

_ L03 _ 

10,485 

101.9 

18 

18 

0223 

Thermal System 

5 

103 

3, 087 

30. 0 

l8 

18 

0224 

Main Propulsion 

h 

103 

106, 339 

1032.4 

15 



0225 

Reaction Control Sys tern 


103 


ODuls ion 

15 

15' 

0226 

Data Management/ Communications 

5 

103 

987 

9- 6 

2 

2 

0227 

Guidance. Navigatigpi Control 

5. _ 

1.0 3 . _ 

72, 296 

701. 9 

12 

12 

0228 

Electrical Power System 

5 

103 

2,029_ 

19- 7 

8 

8 



































































1 
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LES BASIC COST DATA 


TABLE 4 PRODUCTION 

DATA FORM A CONFIGURATION; 2 Tank Vertical Monop 


WBS 

CODE 

WBS IDENTIFICATION 

WBS 

LEVEL 

NO. OF 
UNITS 

COSTS IN 1000'S OF $ 

Td 

L 

TOTAL 

AVG. UNIT 

10-0200 

LES Vehicle 

4 

103 

(137, 460) 

(1334. 6) 

18 

18 

0201 

Vehicle Integration & Assembly 

5 


■ 




0210 

Booster Stage 

5 



_ 



0220 

Delivery Stage 

5 

103 

137, 460 

1334. 6 

18 

18 

0221 

Integration Assembly - Del. Stg. 

5 

103 

8, 105 

78. 7 

18 

18 

0222 

Structure & Mechanism 

5 

103 

10, 140 

98.4 

^ 18 

18 

0223 

Thermal System 

5 

103 

3, 068 

29. 8 

18 

18 

0224 

Main Propulsion 

5 

.. 

41, 231 

400.3 

15 

15 

0225 

Reaction Control System 


103 

In cl. W/ 
Propulsior 

Incl, W/ 
Propuls ion 

15 

15 

0226 

Data Management/ Communications 

5 


987 

9.6 

2 

2 

0227 

Guidance, Navigation & Control 

5 

103 

72, 296 

701. 9 

12 

12 

0228 

Electrical Power System 

5 

103 

1, 633 

15. 9 

8 

8 



jm 








M 










' 



















iBUH 








iBB 







II . .1 1 .11 

















































LES BASIC COST DATA 


TABLE k PRODUCTION Pg. 13 of 15 

DATA FORM A CONFIGURATION: Z Tank Vertical Monop + SSUS-D 


EiIiBil 

WBS IDENTIFICATION 

WBS 

LEVEL 

NO. OF 
UNITS 

COSTS IN lOOO'S OF $ 

■1 

m 

HBiiSTiniHi 

AVG. UNIT 

10-0200 

LES Vehicle 

4 

103 

IRijRRI 

f3931. 5) 

l8 

18 

0201 

Vehicle Integration & Assembly 

5 

103 

Uiagf 

mmmm 

18 

18 

. 0210 

Booster Stage 

5 

103 

249. 878 

2426 

l8 

IB 

0220 

Delivery Stage 

5 

103 

155. 068 

HIBIHIIIil 

l8 

18 

0221 

Integration & Assembly - Del. Stg. 

5 

103 

8, 208 

79. 7 

18 

18 

0222 

Structure & Mechanism 

5 

103 

12, 365 

120. 0 

^_-i 

18 

l8 


Thermal System 

5 

103 

3, 068 

29. 8 

18 

18 

0224 

Main Propulsion 

5 

103 

41, 231 

400. 3 

15 

15 

0225 

Reaction Control System 

5 

103 

15, 280 

148.3 

15 

15 

0226 

Data Management/Communications 

5 

103 

987 

9.6 

2 

2 

0227 

Guidance, Navigation Control 

5 

103 

72,296 

701.9 

12 

12 

0228 

Electrical Power System 

5 

103 

1, 633 

. _ 15. 9_ . . 

' 

8 

8 











HU 











- 






















































1 ,. 















































































c-65 


WBS 

CODE 

WBS IDENTIFICATION 

10-0200 

LES Vehicle 

0201 

Vehicle Integration Assembly 

0210 

Booster Stage 

' 0220 

Delivery Stage 

0221 

Integration Assembly - Del. Stg. 

0222 

Structure & Mechanism 

0223 

Thermal System 

0224 

Main Propulsion 

0225 

Reaction Control System 

0226 

Da ta Manag e me nt / C o mmun i ca t ions 

0227 

Guidance, Navigation & Control 

0228 

Electrical Power System 



NO. OF 

1 

COSTS IN K 

]00'S OF $ 

UNITS 

TOTAL 

AVG. UNIT 

103 

{404, 946) 

(3931. 5) 

103 


103 

249, 878 

2426 i 

103 

155,068 

1505.5 

103 

8, 208 

79. 7 

103 

12,365 1 

120.0 

103 

3, 068 

29.8 

103 

41, 231 

400.3 

103 

15. 280 

148. 3 

103 

987 ■ 

9,6 

103 

72, 296 i 

701. 9 

103 

■ 1 

1,633 i 

15.9 










































































TABLE 4 
DATA FORM A 



' WBS 

NO. OF 

i W3S IDENTIFICATION 

LEVEL 

UNITS 

I 

LES Vehicle 

! 4 

103 ' 

! 

Vehicle Integration & Assembly 

5 

103 

Booster Stage 

5 

103 

Delivery Stage 

5 

103 

Integration Assembly - Del. Stg. 

5 

103 

Structure & Mechanism 

5 

103 

Thermal System 

5 

103 

Main Propulsion 

5 

103 

Reaction Control System 

5 

103 

Data Managemenfc/Communicafciona 

5 

103 

Guidance, Navigation & Control 

5 

. 

103 

Electrical Power System 

5 

103 


LES BASIC COST DATA 
PRODUCTION 

CONFIGURATION; ZTankHoriz. Monop. + SSUS-A 


COSTS IN 1000*S OF $ 


Pg. 15 of 15 


TOTAL 


545, 049) 


374. 817 


170, 232 


8, 311 


12, 365 


3, 068 


41. 231 


30, 341 


987 


72 , 296 


1. 633 


AVG. UNIT 


5291.7) 


363 


1 


80. 7 


20.0 


., 9.8 


400. 3 


294. 6 


9.6 


701. 9 


"d 

h 

18 

18 

18 

18 

18 

18 

18 

18 

18 

■fi 

18 

18 

18 

18 

15 

imy^niiii 

15 

15 

2 

2 

12 

12 

8 

8 

















































































TABLE 5 
DATA FORM 5 


SCENARIO NO. B-1 


Pg. 1 of l8 


Cost Saminary 
SCENARIO COSTS $M 



NUMBER OF PAYLOADS 

16 

90 

— 

16 

5 

1 




WBS 

NO. 

item ^'\Approach 

In teg. 
OMS 

Modular 
4 Tank 
Horiz. 
BLProp^. 

Modular 
8 Tank 
Horiz. 
BiProp. 

Maidar 
4 Tank 
Horiz, 
BiPropfi^=^' 

Modular 
4 Tank 
Horiz, 
BiProp* 

ssus-b 


‘ 

NON 

RECUR 

COST 

TOTAL 

COST 

SSUS-A 

1-D 

DDT&E 








28. 8 

28. 8 

1-P 

PRODUCTION 

0 

158. 1 

34. 2 

29, 0 

4.2 




225. 5 

1-0 

OPERATIONS - TOTAL 

283.7 

TTO.T 

178. 8 

43.7 

4.8 




1>281.7, 

(Supporting Costs) 

0 

( 46. I 

mm 


mm 




mmm 

(Shuttle Charge Total) 

(283.7) 

(724.6 

HERI 

HBH 

li^Hl 



■Hj 


a Payload Charge 

280. 5 

552,1 

138.8 


1.3 




IHISIISi 

a Stage Charge 

- 

172.5 

31. 8 

HISS 

3.0 




mmm 

a Other Charges 

3.2 




_ 





(Scout Launch Charge) 

_ 

_ 

_ 






0 


TOTAL COST 

283.7 

928.8 

213.0 

72.7 

9.0 



28. 8 

1536.0 


304 Kg Offload 
415 Kg Offload 


Total Without Payload Charge 


550.8 























89-0 


TABLE 5 
DATA FORM 5 


SCENARIO NO.B-2 


Pg, 2 of 18 


Cost Summary 
SCENARIO COSTS $M 



NUMBER OF PAYLOADS 

16 

76 

16 

14 

5 

1 



W8S 

NO. 

Propulsion 

ITEM roach 

In teg 
QMS 

L^fcdular 

4 Tank 

Horiz.,. 

•/? 

Biprop 

Modular 
8 Tank 
Horiz 
Biprop 

MBo I ar 
4 Tank 
V ert. 
Bipropif 

Modular 
4 Tank 
Vert, ^ 

Milular 
4 Tank 
Vert. 
Biprop" 


NON 

RECUR 

COST 

TOTAL 

COST 

SSUS-A 

^su^~£) 

1-D 

DDT&E 








31.6 

31, 6 

1-P 

PRODUCTION 

0 

133. 5 

34. 2 

24.8 

29.0 

4.2 


1 

225,7 

1-0 

OPERATIONS - TOTAL 

283.7 

697.4 

178. 8 

63, 7 

44.1 

4.3 




(Supporting Costs) 

0 

i 38,9) 

( 8.2) 

( 7.2) 

( 2.6) 

(_.0,5)._ . 


mm 

Km 

(S^iiJttle Charge Total) 

(283.7) 

(658.5) 

(170. 6) 

(56. 5) 

( 41.5) 

( 3.8) 


mm 

ItSiSSI 

• Pavload Charge 

280.5 

532.4 

138, 8 

18. 1 

12.5 

0,2 




9 Stage Charge 


126.1 

31.8 

38.4 

29.0 

3.6 


mu 

228.9 

a Other Charger, 

3.2 








.f^msmiEAjKSHm 1 

(Scout Launch Charge) 











TOTAL COST 

283. 7 

830.9 

2-13. 0 

88. 3 

73.1 

8. 5 


3'. 6 

15293 


415 Kg Offload 


Total Without Payload Charge 


546.8 









NUMBER OF PAYLOADS 


Propulsion 


16 

76 

13 

14 

Intee. 

OM5 

Modular 
4 tank 
Horiz. 
BiPro^ 

Maialar 
8 Tank 
Horiz. 
EiProp 

Madalar 
4 Tank 
Vert. 
BiProp 


M:dilar 
4 Tank 
Horiz 


1-D DDT&E 


1-P PRODUCTION 



OPERATIONS •* TOTAL 


(Supporting Costs) 


(Shuttle Charge Total) 


s Pavload Charge 


9 Stage Charge 


e Other Charges 


(Scout Launch Charge 


TOTAL COST 


* 304 KG Offload 
- 415 KG Offload 


133. 5 

27, 8 

25. 5 

m 


29.0 

691 

165. 8 

59,5 

5.9 

43.7 


NON TOTAL 
RECUR COST 
COST 


44,4 44,4 


2Z7. 2 


0 


(283.7) (658.5-) (159.1 


280.5 532 . L 


126,1 


131. 3 


27. 8 





283.7 830,9 193.6 85.0 13.1 72.7 9.0 44.4 1532,.!^ 


Total Without Payload Charge! 556.2 































































TABLE 5 
DATA FORM 5 


SCENARIO NO. 

Cost Summary 
SCENARIO COSTS $M 


Pg , L of l8 



NUMBER OF PAYLOADS 

16 

90 

17 

5 





WBS 

NO. 

1 s i on 

ITEM ^'■\Approach 

Integ, 

QMS 

IvfcdLilai’ 
4 Tank 
Horiz. 
EiPrcp. 

Ivfodiilai- 
4 Tank 
Horiz, 
BiPncp^i' 

SSUS-D 

Moddlar 
4 Tank 
Horiz. 
BiProp^^ 

SSUS-A 



I 

NON 

RECUR 

COST 

TOTAL 

COST 

l-D 

DDT&E 



■ 





26. 5 

M 

1-P 

PRODUCTION 

0 

158. 1 

71.4 

29.0 




1 

* 258,5 

1-0 

4 

OPERATIONS - TOTAL 

283.7 

7T0.T 

233. 2 

43.7 



‘ 

lii 

1331.3 

(Supporting Costs) 

0 

( 4c., 1) 

( 8.7) 

( 2.6) 





{ 57.4) 

(Shuttle Charge Total) 

(283.7) 

(T24.6 ) 

(224. 5) 

BBIIil 






« Pavload Charge 

280.5 

552.1 

143. 3 

12.5. 





988.4 

f Stage Charge 

0 

172.5 

IBHI 

IHMI 

bhi 




282.3, 

9 Other Charges 

3.2 



_ 





3.2 

(Scout Launch Charge) 

„ 

— 


_ 





HHH 


TOTAL COST 

283.7 

928.8 

304. 6 

72.7 




26. 5 



= - 304 KG Offload 
415 KG Offload 


Total Without Payload Charge 


627.9 


















C-Ti 


TABLE 5 
DATA FORM 5 


SCENARIO NO. B-5 
Cost Summary 

SCENARIO COSTS $M 


NUMBER OF PAYLOADS 

Propulsion luieg 
rc-M Approach OMS 


Mx3ukr Ivlbiflar Madilar Mjdiikr 
4 Tank 4 Tank ^ Tank 4 Tank 
. XT u Horiz. Horiz. 
V er t . ^ BiPrcp=^ BlProp^ ^ 

BiProp BiProp SSUS-D 5SUS-A 


NON TOTAL 
, RECUR COST 
COST 


1-0 DDT&E 


28.1 , 28. 1 


PRODUCTION 

0 

133. 5 

24. 8 

71.4 

29. 0 




■ 268.7 

OPERATIONS - TOTAL 

283, 7 

697.4 

63. 7 

233, 2 

43.7 


• 


1321.7 

(Supporting Costs) 

0 

( 38.9) 

( 7-2) 

( 8.7) 

( 2-6) 




( 57.4) 

(Shuttle Charge Total) 

— 

(283.7) 

{658.5 ) 

( 56, 5) 

(224.5) 

( 41.1) 




J[lg64.3l- 

€ Payload Charge 

280.5 

532.4 

18. I 

143.3 

12.5 




986.8 . 

s Stage Charge 


126.1 

38.4 

81.2 

28.6 




274.3 

'© Other Charges 

3.2 








3.2 


(Scout Launch Charge} 


TOTAL COST 


283.7 830.9 88.5 304.6 72.7 


28. 1 1608.5 


304 Kg Offload 
415 Kg Offload 


Total Without Payload Charge 621,7 


¥ . H . 


It A ?• - 

jj ». - 


— I- i.„ 



SCENARIO NO. M-1 
Cos b Summary 
SCENARIO COSTS 


NUMBER OF PAYLOADS 16 


Propulsion Integ. 
Approach OMS 


89 13 


5 


Ivfcdiikr Maiiiar IMxLilar M3±i!^ 

•> 1 Q rr, 1 12 Taislc 2 Tank 

2 Tank 8 Tank Horiz. 

Horiz. Horiz. 

^/fcocSPrq) MoxiPrap|ssUS-D ISSUS-A 


NON TOTAL 
RECUR COST 
COST 


1 -D ODT&E 


1 -P PRODUCTION 


27,0 27.0 


' 191.0 


OPERATIONS - TOTAL 


{Supporting Costs) 


(Shuttle Charge Total) 


® Payload Charge 


9 Stage Charge 


0 Other Charges 


(Scout Launch Charge 


TOTAL COST 


283.7 


0 ( 45.6) ( 6.7) ( 2.6) ( 2,6) 


(283.7) ( 733.1) (1 69, 0) ( 26. 5) 


280,5 534,9 69.3 5.3 12.5. 


198.2 QQ 7 21.2 2 


1313.0 


283.7 897.5 201.7 48.8 72.3 


27.0 


348.6 


0 


1531.0 


Total Without Payload Charge 628.5 






















































TABLE 5 

SCENARIO NO. M-2 

Pg, T of l8 

DATA FORM 5 

Cos t Summary 



SCENARIO COSTS $M 




NUMBER OF PAYLOADS 


16 


Propulsion Integ. 

Approach OMS 


DDT&E 


PRODUCTION 

OPERATIONS - TOTAL 
(Supporting Costs) 

(Shuttle Charge Total) 
♦ Payload Charge 

9 Stage Charge 

1 Other Charges 
(Scout Launch Charge) 

TOTAL COST 


75 

13 

14 

Modular 

Modular 

kibiilar 

2 Tank 

8 Tank 

2 Tank 

Horiz. 

Horiz. 

V er t. 

MonoP. 

MonoP. 

MonoP. 


5 B 


IMbdikr jlVbaimc’ 
12 Tank \Z Tank 

IMonoP . I MonoP 



100. 1 


283. 7' 

T01.4 

0 

{ 38.4) 

(283.7): 

(663.0) 

280, 5 

514.9 

- 

148.1 

3.2 

- 

- 


283.7 

801.5 


26. 0 


175.7 66.8 


19.7 26,5 


29.1 45,8 



6.7) ( 7,2) { 2.6)( 2.6) 


69,3 18.1 

99.7 41.5 


5,3 12 .5 

21.2 29.7 


NON TOTAL. 
RECUR COST 
COST 


27.7 27.7 



191.0 



C 57.5) 


900.6 


340,2 


4.2 


0 


27.7 1521.2 


Total Without Payload Charge 620.6 































TABLE 5 SCENARIO NO. M-3 Pg. 8 of l8 

DATA FORM 5 Cost Summary 

SCENARIO COSTS $M 



^ NUMBER OF PAYLOADS 

16 

89 

18 

5 





W35 

NO. 

ITEM ^'--l^pproach 

Integ. 

OMS 

MDdufer 
2 Tank 
Horiz. 
MonoP , 

Modular 
2 Tanlc 
Hot A^ert 
Monop, 

Mbdalar 
2 Tank 
HbrA^ert 
MonoP . 




NON 

RECUR 

COST 

TOTAL 

GOST 

SSUS-B 

SSUS-A 

1-0 

DDT&E 






% 


23, 3 

23.3 

1-P 

PRODUCTION 

0 

118.8 

70. 8 

26. 5 





216. 1 

1-0 

OPERATIONS - TOTAL 

283. 7 

778.7 

252.7 

45.8 



• 

■ 

1360.9 

(Supporting Costs) 

0 

( 45.6) 

( 9.^) 

( 2.6) 





nmm 

(Shuttle Charge Total) 

(283.7) 

(733.1) 

(243. 5) 






RUSii 

e Payload Charge 


ISKI 

147.9 

12.5 






e Stage Charge 


198.2 

95. 6 

29,7 





323.. 5 

a Other Charges 

3.2 

- 

- 

1.0 





4.2 

(Scout Launch Charge) 









0 


TOTAL COST 

283.7 

897-5 

323.5 

72.3 




23, 3 

1600.3 

Total Without Payload Charge 

624.5 

































C-75 


TABLE 5 
DATA FORM 5 


NUMBER OF PAYLOADS 

j2>-,.,_Propulsion 
-FM Approach 


SCENARIO NO, M-4 
Cosb Suiiimary 

SCENARIO COSTS $M 


16 

Infceg, 

OMS 


Horia, IVert. 


18 

5 

Modilar 
2 Tank 
Horiz, 
MonoP, 

IVtiiilar 
2 Tank 
Horiz. 
MonoP. 

SSUS-D 

SSUS-A 


Ps. 9 of l8 


NON TOTAL 
RECUR COST 
COST 


DDT&E 

PRODUCTION 


0 100.1 


18,7 70,8 


26. 5 


24,2 24.2 


’ 216, 1 


OPERATIONS - TOTAL 
(Supporting Costs) 

(Shuttle Charge Total) 
• Payload Charge 

9 Stage Charge 

9 Other Charges 

(Scout Launch Charge) 

TOTAL COST 


283.7 TOI.L 66,8 252,7 45,8 

0 ( 38.4} ( 7.2)^~97^ |T 2.6) 

(283,7) (663.0) ( 59. 6) (243,5) 

280.5 ^ 147,9 12.5 

1L8.1 41. 5 95.6 29,7 


1350»4. 


( 57.4) 


973.9 


314.9 


283.7 801.5 85.5 323.5 72.3 


24,2 1590. T 


Total Without Payload Charge| 6i6.8 





























9l-D 



TABLE 5 SCENARIO NO. E-1 Fg. 10 of X8 

DATA FORM 5 • Cost Summary 

SCENARIO COSTS $M 



NUMBER OF PAYLOADS 

16 

25 

63 

11 

11 

3 



WBS 

NO. 

ropu 1 s i on 

ITEM Approach 

Integ. 

QMS 

MMS 
PM II 

TRS 
2 Tank 

THS 
4 Tank 

' 

Scout 

Integ. 

QMS 

+ 

SSUS-D 

• 

NON 

RECUR 

COST 

; 

TOTAL 

COST 

1-D 

DDT&E 







■ 

0 

0 

1-P 

PRODUCTION 

0 

24.4 

45. 0 

17.8 

0 

7.3 



94 . 5 

1-0 

OPERATIONS - TOTAL 

283.7 

260,0 

696,2 

T8I.7 

66.2 

20.9 



TL50S.7 

(Supporting Costs) 

0 

( 17.5) 

( 38.8) 

( 6-5), 

( 19.2) 

2.9 



.64,9 ’ 

(Shuttle Charge Total) 

(283. 7} 

(242. 5) 

(657.^.) 

(175.2.) 


( 18.01 



0.376.8 ,)• 

$ Pavload Charge 

280.5 

179.4 

347.6 

136. 6 


7.0 



....951..3 . 

® Stage Charge 


63. 1 

309.6 

36.6 


10.4 



421.7 

3 Other Charges 

3.2 





,6 



3. 8 

(Scout Launch Charge) 





( 47.0) 




( .47.0) 


TOTAL COST 

283.7 

• 

284.4 

741.2 

199.5 

66. 2 

28.2 


0 

1603.2 

Total Without Payload Charge 

651.9 




. I. 


C-TT 


TABLE ^ SCENARIO NO. E-2 Pg. 11 of l8 

DATA FORM 5 Cost Summary 

SCENARIO COSTS $M 



NUMBER OF PAYLOADS 

16 

88 

11 

11 

3 




W3S 

NO. 

1 5 1 on 

ITEM ^\Approach 

In. teg 
QMS 

TRS 
2 Tank 

TRS 
4 Tank 

Scout 

In teg. 
QMS 
+ 

SSUS-D 



NON 

RECUR 

COST 

TOTAL 

COST 

1-D 

DDT&E 








0 

0 

1-P 

PRODUCTION 

0 

58.4 

17. 8 

0 

7.3 



■ 

83.5 

1-^0 

OPERATIONS - TOTAL 

283.7 

981.9 

182.0 

66.2 

20.9 



■ 

1534.7 

(Supporting Costs) 

0 

{ 47.4) 


(...19, 2 L 

. _ 2.9 





(Shuttle Charge Total) 

{283. 7) 

(93A.5) 

(175 .si 


( IS.O) 




(l4ii.4.) 

® Pavload Charge 

280. 5 

A 58 .L 

136. 6 

- 

7.0 


• 


882.5 

fl Stage Charge 


4T6.Q 

38.6 


10.4 




52 '". 0 

® Other Charges 

3.2 

- 

- 

- 

.6 




3.8 

(Scout Launch Charge) 


_ 

_ 

( 47.0) 


• 



^ 47.0) 


. 

TOTAL COST 

283. 7 

104 o .3 

199.8. 

66 . 2 

28.2 



0 

1618.2 

• 

Total Without Payload Charge 

735.7 













TABLE 5 

SCENARIO NO. E-3 

Pg. 12 of 18 

DATA FORM 5 

• Cost Summary 



SCENARIO COSTS 



NUMBER OF PAYLOADS 


-^..^^Propulsion Ihteg 

Approach OMS 


49 


OMS OMS Inl^OlVB 

1 Kifc 1 Kit SSUS-D 

+ Elliptic 
SSUS-Dl Orbit 


NON TOTAL 
RECUR COST 
COST 


1-D DDT&E 


1-P PRODUCTION 


OPERATIONS - TOTAL 405.1 


(Supporting Costs) 


(Shuttle Charge Total) (405.1 


9 Payload Charge 


® Stage Charge 


« Other Charges 


(Scout Launch Charge) 


0 

118.9 

2.4 

0 

539. 0 

1143,0 

10.8 

66. 2 

0 

34.0 

1.2 

( 19.2) 




359.0* in .6 


39.3 400.2 


6.8 27.2 


146.2 


923.6 


39.2 


121.3 


2164J 


( 54.4) 


II 


1356.3 


73.4 


47.0 


TOTAL COST 


ASE Charge 


405.1 539.0 1261.9 13.2 66.2 


0 2285.4 


Total Without Payload Charge 


























































c-79 


TABLE 5 SCENARIO NO,_E-4 Pg. 13 of 18 

DATA FORM 5 Cost Summary 

SCENARIO COSTS $M 



NUMBER OF PAYLOADS 

34 

34 

39 

10 

11 

1 



WBS 

NO. 

0 P u 1 s i 0 n 

ITEM 

Infceg. 

OMS 

OMS 
1 Kit 

TRS 
2 Tank 

TRS 
4 Tank 

Scout 

3SUS-D 

• 

NON 

RECUR 

COST 

TOTAL 

COST 

1-D 

DDT&E 






. 


0 

0 

1-P 

PRODUCTION 

0 

0 

32.0 

17.1 

0 

" 

2.4 


w 

51.5 

1-0 

OPERATIONS - TOTAL 

404.9 

539.6 

50T.0 

171.5 

66. 2 

10.8 


1 

1700.0 

(Supporting Costs) 

0 

0 

( 21.0 ) 

( 6.1) 

( 19.2) 

1,2 



( kj. 5 ) 

(Shuttle Charge Total) 

(404. 9) 

(539. 6) 

(486.0) 

(165,4) 


( 9.6) 



(1605.5) 

® Pavload Charqe 

371, 6 

108. 1 

280.5 

128.5 

_ 

4.9 

• 


893.6 

i Stage Charqe 

26.5 

404. 3 

205. 5 

36.9 

- 

4,5 



677 ..7 

Q Other Charges 

6.8 

27. 2 

- 

- 

- 

0. 2 



34.2 

(Scout Launch Charge) 





(_4_7.0I 






TOTAL COST 

404.9 

539 . 6 

539.0 

188,6 

. 

66.2 

13.2 


0 

1751.5 

Total Without Payload Charge 

65T.9 











09-0 


TABLE 5 SCENARIO Pg:. of l8 

DATA FORM 5 Cost Sammaiy 

SCENARIO COSTS |M 



NUMBER OF PAYLOADS 

30 

15 

35 

25 

i 

10 

11 

r 

1 



WBS 

NO. 

Tocf'^.^Pi^opu 1 SI on 

Integ, 

QMS 

QMS 
1 Kit 

QMS 
1 Kit 
+ 

ssus 

MMS 

i 



Scout . 

Integ. 

QMS 

+ 

SSUS-D 


TOTAL 

COST 

1-D 

DDT&E 


{■ 







0 

0 

VP 

PRODUCTION 

0 

0 

84. 9 

24.4 

1.0 

9*8 

0 

2.4 


122. 5 

VO 

OPERATIONS - TOTAL 

377,7 

208.3 

819.7. 

264.7 

9.3 

233.3 „ 

66. 2 

10.8 


1990.0 

(Supporting Costs) 

0 

0 

warn 

( 22.2) 

nm 

( 8.9) 

( 19 . 2 ) 

1 o 



(Shuttle Charge Total) 

(377.7] 

(208.3) 

(796.4) 

(242. 5) 

IHH! 






9 Pavload Charge 

345.4 

28,9 

77. 8 

179,4 

8.2 

39.0 



HI 

HBHHI 

9 Stage Charge 

26. 5 

167,4 

690. 6 

63. 1 


157.4 

— 

4. 5 

HI 

1109. 5 

e Other Charges 

5.8 

12.0 

28.0 

- 

0.2 

8.0 


0, 2 

B 

54, 2 

(Scout Launch Charge) 


* 




.. 

Si 





TOTAL COST 

377.7 

208. 3 

904.6 

289.1 

10.3 

243.1 

66.2 

13.2 

0 

iH 

’ 

Total Without Payload Charge 

1408.9 














































C-81 


TABLE 5 
DATA FORM 5 


SCENARIO NO, c -1 

COST SUMMARY 
SCENARIO COSTS $M 


Pg. 15 of l8 



NUMBER OF PAYLOADS 

16 

90 

13 

10 





W3S 

NO. 

"T^gw^Propulsion 
ITEM ^^\Approach 

Integ . 
QMS 

Modular 
4 -Tank 
Horiz. 
Biprop V 

Modular 
8 -Tank 
Horiz, 
Biprop. 

Scout 



> 

NON 

RECUR 

COST 

TOTAL 

COST 

1-0 

DDT&E 








23.3 

23.3 

1-P 

PRODUCTION 

0 

158.1 

27.8 

0 





185.9 

1-0 

OPERATIONS - TOTAL 

jRHjf 

T72.3 

■ 





1 

mu 

(Supporting Costs) 


HISS 

IjHBB 






/' &-Q- QA 

— 
(Shuttle Charge Total) 

iHRHi 

RSISii 

IffiRMli 







9 Payload Charge 

280.5 

552.1 

131.3 







• Stage Charge 


172.5 

27.8 





■1 

200.3 

9 Other Charges 

3.2 







B 


(Scout Launch Charge) 




C43.2) 




m 



TOTAL COST 

283.7 

930.4 

193.8 

57.6 




23,3 

1488.8 


*A15 Kg Offload 


Total Without Payload Charge 


524.9 




















c-B? 


SCENARIO NO. c-2 


Pg. l6 of 18 


TABLE ? 
DATA FORM 5 


COST SUMMARY 
SCENARIO COSTS $M 



NUMBER OF PAYLOADS 

16 

76 

13 

14 

10 




l-JBS 

NO. 

Sion 

ITEM ^\Approach 

INTEG 

QMS 

Modular 

4-Tanlt 

Horiz.^^ 

Biprop. 

Modular 
8-Tank 
Horiz. 
Biprop . 

Modular 
4-Tank 
Vert . 

W7i 

Biprop . 

Scout 




TOTAL 

COST 

1-D 

DDT&E 








26.1 

26.1 

1-P 

PRODUCTION 

0 

133.5 

27.8 

24.8 

0 




186.1 

1-0 

OPERATIONS - TOTAL 

283.7 

698. T 

166.0 

63.9 

57.6 




1269.9' 

(Supporting Costs) 

0 

(40 . 2 . 

(6.9) 

(7.4: 

BIHH 




*(68,9) 

(Shuttle Charge Total) 



ISHRU 

IRffiRI 




991 

115T.8 

& Pavload Charge 


532.4 

131.3 

18.1 

■1^9 


• 

B 

1^991 

9 Stage Charge 

illEEEllllllllll 

126.1 

27.8 

38.4 

9991 




192.3 

9 Other Charges 

3.2 





99HI 




3.2 

(Scout Launch Charge) 


_ 





■ 



199899; 


TOTAL COST 

283,7 

832.2 

193.8 

88.7 

57,6 



26.1 

1482.1 


'^'Supporting costs include: 
Annual Operations Cost 
Unit Operations cost 


(23.6 + 4.0 + 4.3) 
Total 


36.9 
32.0 
68. .9 


Total Without Payload Charge 


519.8 


Kg Offload, Refer to paragraph U.J.l of Volume III 
























































C-03 


NUMBER OF PAYLOADS 
TTM Approach 


1-D DDT&E 

1-P PRODUCTION 

1-0 OPERATIONS - TOTAL 
(Supporting Costs) 

• (Shuttle Charge Total' 
9 Payload Charge 

e Stage Charge 

B Other Charg - % 

(Scout Launch Charge) 

TOTAL COST 

-^415 Ks Offload 


SCENARIO NO, c -3 
COST SUMMARY 
SCENARIO COSTS $M 


Pg. IT of 18 


Integ, 

OMS 


fodular 
f-Tank 
loriz. ^ 
Jiprop , 


Modulai Modular Scout 
4-Tank 4- Tank* 

VERT,^ Horz/^r: 
Biprop. Mount 


133.5 

24.8 

54.6 

698. T 

63.9 

214.3 

(40.2) 

(7.4) 

(6.9 

( 658 . 5 ) 

(56,5) 

(207.4 

532.4 

18.1 

138.2 

126.1 

38,4 

69.2 







832.2 ! 

88.7 

268.9 


=129 Tot, 

il P/L 


■ 






















NON TOTAL 
RECUR COST 
COST 


23.4 23.4 


212.9 


57.6 L 23.4 

Total Without Payload Charge 5B5.3 


nu“0 


1-D DDT&E 

1-P PRODUCTIOM 

1-0 OPERATIONS - TOTAL 
(Supporting Costs) 

(Shuttle Charge Total) 
t Payload Charge 

♦ Stage Charge 

9 Other Charges 

(Scout Launch Charge) 

TOTAL COST 

- '41 5 O fOoad 


SCENARIO m._c=A, 

COST SUMMA.RY 

SCENARIO COSTS $M 
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NUMBER OF PAYLOADS 

;j>.^Propulsion x^teg, 

rm Approach 


25 

65 

13 10 

MMS 

Modular 

Modular Scout 


4 -Tank 

8-Tank 


Horiz . 

Horiz. 


Biprop, 

i 

Biprop. 


0 

24.4 

114.2 

27,8 

283.7 

260.0 

550.6' 

166.9 

n 


.n 

V _ (7 a 

283.7) 

.(242.5) 

( 511 . 6)1 

(159.1 

280.5 

179.4 

372. T 

131.3 


63.1 

138.9 

27.8 

3.2 i 

i 

i 




(43.2) 

283.7 284.4 66L.8 194.7 57.6 


NON TOTAL 
RECUR COST 
COST 


23.3 

166.4 

1318.8 


57.6 I I 23.3 1508.5 

Total Without Payload Charge 5^4.6 








TABLE C 

SCENAEIO DESCRIPTIOK 
MODULAR BIPROPELLAIJT SCENARIO B-1 


Pg. 1 of l8 



PAYLOADS 

PAYLOAD 

PAYLOAD 


NUMBER 

GROUP 

IDENTIFICATION 

Piq 

OF 

NO. 

NUMBERS « 

O 

o 

PAYLOADS 


MUNCH MODE 


MODE-1 MODE-2 MODE-3 MODE-^ MODE- 5 


4-TAi^TK 8 -tank il-TANK 
SSUS-A 




2 

10 


23 

18»25, 29-31, 
35-39 


19,42 

22y28,kk,^6 







CODE M - MMS Payload, Candidate for PM- 11. 

V - Candidate for Vertical Installation, 
h - horizontal Installation 

V - vertical Installation 

* - From Volume III, Table 4-II 


C-85 












































































PAYLOAD 

GROUP 

NO. 


PAYLOADS 


PAYLOAD 

IDENTIFICATION w 


NU^rBEP5 * 


o PAYLOADS 
o 


LAUNCH MODE 


MODS-1 MODE-2 MODE-3 MCDE-u LMODE-5 


INTEG 4-TANK 8-TANK 4-TANK 4 -TANK 14-TANK 
OMS VERT. VERT. 





21, 32, 33, 3U M 
11 I M 



18^5,29-3L55 - 39I M 


19, 

22, 28 . 44, 46 



4T, 51, 50 




M - MMS Payload, Candidate for PM-11 
V,- Candidate for Vertical Installatiop 
h - horizontal Installation 
^ - vertical Installation 
* - From Voliime III, Table- 4-II 


» ^ • ill iKiit I e- . 
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TABLE 6 

SCENARIO DESCRIPTION 
MODULAR BIPROPELLANT SCENARIO B-3 



PAYLOADS 

LAUNCH MODES 

’AYLOAD 

PAYLOAD 

n 

NUMBER 

MODE 1 


MODE 3 

MODE 4 

MODE 5 

MODE 6 

MODE 7 

GROUP 

IDENTIFICATION 

OF 

OMS 

4-TANK 

8-TAHK 

4 -TANK 

12- 

4-TANK 


NO* 

NUMBERS » 

o 

o 

PAYLOADS 


BIP 


VERT 


SSUS-A 


1 

12 

■ 

6 

6 







2 

13,14,15 


10 

10 







3 

27 


3 


3 






k 



1 


1 






5 


M 

10 



10 





6 


M 

1 


1 






1 

2 




mam 






8 

10 

M 

■OH 


IHH 






mm 

23 

M 

3 


3 







18,25,29-31, 

35-39 

M 

18 

■ 

18 






11 

19,42 


3 


3 






12 

22,28,44,46 


19 


19 






13 

A 


r\ 

u. 



2 





ih 

45 


12 


12 






15 

T,3 


3 


3 






lb 

5,24 

V 

... 4 




4v 




IT 

4 


3 


3 






18 

6,4o 

V 

4 




4v 




19 

16 


1 


1 






20 

4i 

V 

3 




3v 





1 


1 









9 


1 



1 





23 

20 

V 

1 




2v 




2k 

52 

V 

1 




Iv 




25 

52 


3 








26 

48 

V 

1 







Iv 

27 

49 

V 

1 








28 

53 

V 

2 






2h 


29 

47,51,^ 

V 

3 





3v 



30 

17 

V 

1 




Iv 


■ ' 


TOTAL 


128 

l6 

76 

13 

14 

3 

5 

1 

« 

1 

! 


CODE M - MMS Payload j Candidate for PM-11 

V - Candidate for Vertical Installation 
h - horisontal Installation 

V - vertical Installation 

^ - From Volume III, Table 4-II 


C-8T 
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0?ABLE 6 

SCENARIO DESCRIPTION 
MODULAR BIPROPELLANT SCENARIO B-4 


PAYLOADS 

LAUNCH MODE 

PAYLOAD 

GROUP 

NO. 

PAYLOAD 
IDENTIFICATION 
NUMBERS * 

§ 

o 

NUMBER 

OF 

PAYLOADS 

MODE-1 

MODE-2 

MODE-3 

MCDE-4 

MODE- 5 

MODE-6 

INTEG. 

OMS 

^-TANK 

4 -TANK 

4 -TANK 



SSUS-D 

SSUS-A 

1 

12 

1 

6 

6 






2 

13,14,15 

1 

10 

10 






3 

27 


3 


3 





4 

43 


1 


i 





5 

21,32,33,34 

M 

10 



io;h 




6 

11 

M 

1 


1 





7 

2 


4 


4 





8 

10 

M 

4 


4 





9 

23 

M 

3 


3 





10 

i8,25,29»31, 










35-39 

M 

18 


18 





11 

19,42 


3 


3 





12 

22,28,44,46 


19 


19 





13 

3 


2 



2v 




l4 

45 


12 


12 





15 

7,S 


3 


3 





l6 

5,24 

V 

4 


4h 





IT 

4 


3 







18 

6,40 

V 

4 


4h 





19 

16 


1 


1 





20 

4l 

V 

3 


3h 





21 

1 


1 


1 





22 

9 


1 



l.h 




23 

20 

V 

1 


Ih 





24 

52 

V 

1 


Ih 





25 

52 


3 




3h 



26 

■ 

48 

V 

1 



Iv 




27 

49 

V 








28 

53 

V 

2 




2h 



29 

47,51,50 

V 

3 


— 

5v 




30 

17 

V 

1 


Ih 






TOTAL 


128 

i6 

90 

17 

5 




CODE M - MMS Payload, Candidate for PM-11. 

V - Candidate for Vertical Installation, 
h - horizontal Installation 

V - vertical Installation 

^ - From ''^olmne III, Table 4 -I I 


C-88 
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TABLE 6 

SCENARIO DESCRIPTION 
MODULAR BIPROPELLANT SCENARIO B-5 


FAYLOADS 


PAYLOAD PAYLOAD 

GROUP IDENTIFICATION w 
NO. NUMBERS ^ o 


NUMBER 

OF 

PAYLOADS 


LAUNCH MODE 


MODE-1 MODE-2 MODE-3 MODE-i^ MODE- 5 IMODE 


INTEG i>-TANK It-TAKK WANK i|-TANK 
OMS VERT 






16 t 6 li; 


Iv 

3V 

Ih 

IT 


CODE M - MMS Payload, Candidate for PM-11. 

V - Candidate for Vertical Installation, 
h - horizontal Installation 

V - vertical Installation 

* - From Voltime III, Table U-II 
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TABLE 6 

SCENARIO DESCRIPTION 
MODULAR MONOPROPELLANT SCENARIO M-1 


PAYLOADS 


PAYLOAD 

IDENTIFICATION fxj 
NUMBERS « ^ 


NUMBER 

OF 

PAYLOADS 


LAUNCH MODE 


MODE-1 MODE-2 MODE-3 MODE-4 JMODE-5 


INTEG 2 TANK 8 TANK 2 TANK 
OMS SSUS-D I SSUS-A 



CODE M - MMS Payload, Candidate for PM-ll. 

V - Candidate for Vertical Installation, 
h - horiaontal Installation 
V- Vertical Installation 
e - Elliptical Shuttle Orbit 
^ “ From Volume III, Table 4-II 


C-90 
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TABLE 6' 

SCENARIO DESCRIPTION 
MODULAR MONCPROPELLANT SCENARIO M-2 


PAYLOADS 

LAUNCH MODS 

PAYLOAD 

PAYLOAD 


NUMBER 

MODE-1 

MODE-2 

MODS-3 lMODS-4 

MODE- 5 

'msssmi 

GROUP 

IDENTIFICATION 

g 

OP 

INTEG 

2-TANK 

8-TANK 

2-TANK 

2-TANK 

2 -TANK 

NO. 

NUMBERS » 

B 

PAYLOADS 

OMS 



VERT. 

VERT. 

VERT. 











1 

12 


6 

■Si 

■■M 




nmn 

2 

13. lit. 15 


10 


mil 





3 

27 


3 


3 





h 

- It3 . _ 


1 


I » 





5 

21, 32, 33, 

M 

■najuil 



msi 




6 

11 

M 




9D 




T 

2 




4 





8 

10 

M 

HH 


4 





■an 

23 

M 

3 


M 

iimiiiii 





18,25,29-31,35-39 

M 

18 


BEOi 

HIHBH9 




IX 

19, 42 


3 







12 

22, 2S. iil, 1;6 


19 


■9 





13 



2 







lit 



12 


12 

mm 




15 

HPHHI 


3 


3 





16 


V 

4 




4v 



17 

4 


3 


3 





18 

6. 40 

V 

h 




4v 



19 

16 


1 


1 





20 

4l 

V 

3 




3v 



21 

1 


1 


1 





22 

9 


1 







23 

20 

V 

i 




Iv 



2lt 

52 

V 

1 




Iv 



25 

52 


3 






3h,e 

26 

43 

V 

1 





Iv 


27 

49 

V 

X 







28 

53 

V 

2 






2h,e 

29 

lt7, 51, 50 

V 

3 





3v 


30 

37 . . 

V 

1 




ly . 



TOTAL 













128 

16 

75 

13 

14 

5 

5 


CODE M - Payload, Candidate for PM-11 

Candidate for Vertical Installation 
li - horizontal Installation 
V - vertical Installation 
e - Elliptical Shuttle Orhit 
* - From Volume III, Table 4-II 


I 

C-91 








- V . 
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TABLE 6 

SCENARIO DESCRIPTION 
MODULAR MONOPROPELLANT SCENARIO M-3 



M - MMS Payload, Candidate for PM-11. 

V - Candidate for Vertical Installation, 
h - horizontal Installation 

V - vertical Installation 

e - Elliptical Shuttle Orbit 
^ - From Volume III, Table U-II 


C-92 
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TABLE 6 

SCENARIO DESCRIPTICN 
MODULAR MOWOPROPELLANT SCENARIO 


PAYLOADS 

LAUNCH MODE 

PAYLOAD 

PAYLOAD 


NUMBER 

MODE-1 

lMODE-2 

[MODE-3 

1 MODE-4 

1 MODE- 5 

IMODE-6 j 

GROUP 

IDENTIFICATION 

Ex] 

OF 




BPVP9 



NO. 

NUMBERS * 

5 

o 

PAYLOADS 

INTEG 








o 


OMS 



SBUS-D 

SSUb-A 


1 

12 

1 

6 

6 






2 

13.1^,15 

■ 

10 

10 






3 

27 


3 


3 





h 

i^3 


1 


1 





5 


M 

mmgm 




lOh 



6 


M 





Ih 



7 

2 




4 

' 




8 

10 

M 



4 





9 

23 

M 

3 


3 





10 

18,25,29-31, 

M 









35-39 


16 


18 







■ 

3 


3 





msH 


■ 

19 


19 





13 

3 


2 




2 b 



Ih 

^5 


12 


12 





15 



3 


3 





l6 


V 

4 



4v 




IT 

4 


3 


3 





18 

6,4o 

V 

4 



4V 




19 

16 


1 


1 





20 

4i 

V 

3 

■ 


3V 




21 

1 


1 


1 





22 

9 


1 




Ih 



23 

20 

V 

1 



IV 




2h 

52 

V 

1 



IV 




25 

52 


3 







26 

48 

V 

1 



IV 


■n 


27 

i^9 

V 








28 

53 

V 

2 





2h,e 


29 

nrf75iT5o 

V 

3 




3v 



SO 

IT 


1 



IV 





TOTAL 


128 

16 

-75 

14 

18 

5 



CODE M - MMS Payload, Csindidate for PM-11* 

V - Candidate for Vertical Installation, 
h - horizontal Installation 


V ~ vertical Installation 
e - Elliptical Shuttle Orbit 
^ - From Volume III, Table i+-II 


C--93 
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TABLE 6 ■ 

SCENAEIO DESCRIPTION 
EXISTING/PLANNED SCENARIO - E-1 


PAYLOADS 

LAUNCH MODE 

PAYLOAD 

PAYLOAD 


NUMBER 

MODE-1 

MODE-2 

1 MODE- 3 


(MODE- 5 

IWbBM 

GROUP 

IDENTIFICATION 

pq 

OF 

INTEG 

MMS 





NO. 

NU^^BERS » 

o 

o 

PAYLOADS 

OMS 

PiM-II 



991 

SSUS-D 

1 


■ 




^HI9 

9HH 

mm 


2 


■ 


10 



: 




3 



3 



3 




k 

h3 


1 




mHH 

imHI 


5 

21, 32, 33, 3k 

M 


■■■ 



Ml 



6 

11 

M 


HI99 


llilillil^l 

9HR 



7 

2 





Hi 




8 

10 

M 









23 

M 



■Kl 






18.25,29-31.35-39 

M 

l8 


■US 





11 

19, 42 


3 



3 




12 

22. 28 , liit. U6 


19 



19 



9^HB 

33 

3 


2 






Hi 

14 

h5 


12 



12 




15 

moBBH 


3 



mmigp 




l6 


V 

4 



I99IQ1! 




IT 



3 



Ml 




18 


V 

h 







19 

16 


1 



1 




20 

kl 

V 

3 



3h 




21 

1 


1 



Mim 



IM 

22 

9 


1 







23 

20 

II 

1 







2k 

52 

a 

1 



IH 


1 


25 

52 


3 





3 


26 

h8 

V 

1 








49 

H 

1 





■■ni 



53 

Q 

2 




IHIIIII 



29 

4t, 51, 50 

H 

3 





3 


30 

17 

9 

1 



ih 




TOTAL 



129 

16 

25 

63 

11 

11 

3 


CODE M - MMS Payload 3 Candidate for PM-11 

Candidate for Vertical Installation 
h - horizontal Installation 
V “ vertical Installation 
e - Elliptical Shuttle Orbit 
* - From Volume III, Table 4-II 


C-9h 
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TABIiE 6 

SCENARIO DESCRIPTION 
EXISTING/PLANNED SCENARIO E-2 


PAYLOADS 

LAUNCH MODE 

PAYLOAD 

PAYLOAD 


IRJMBER 

MODE-1 

!<:0DE-2 

MODE- 3 


mode- 5 

MODE- 6 

GROUP 

IDEirriFICATION 

p 

o 

u 

OF 

INTEG 

TRS 

TRS 

SCOUT 



NO. 

NUMBERS 

PAYLOADS 

OMS 

2 -TANK 

4 -TANK 


SSUS-D 


1 


■ 

6 


■■ 





2 


■ 

10 

■91 

■■1 

HUB 




3 



3 


3 





h 



1 


1 





5 

21, 32, 33, 

M 

mmm 



■d 




6 

11 

M 




■■1 




7 

2 




mmm 





8 

10 

M 



m 





9 

23 

|R| 

3 


mm 





10 

18.25,29-31^35-39 

B 

18 


■■ 





11 

19, U2 


3 


HOI 





12 

Z2,_ 28 , kh, !i6 


19 


■9 





13 

3 


2 





2v,e 


Ih 

[1^5 


12 


12 





15 



3 


H 





16 


V 

1+ 


■09 





IT 

k 


3 


3 





18 

6. ho 

V 

1+ 


4 h 





19 

l6 

■ 

1 







20 

1+1 

Q 

3 


■■ 





21 

1 


1 


■B 





22 

9 


1 


■■1 



lh,e 


23 

20 

H 

1 


Ih 





2it 

52 

n 

1 




OH^I 



25 

52 


3 




BSji 



26 

1+8 • 

V 

1 







27 

i»9 

B 

1 




1 



28 

53 

0! 

2 




2 



29 


H 

3 




3 



30 


Q 

1 


1 h 





TOTAL 


1 

129 

16 

88 

11 

11 

3 



CODE M “ MMS Payload, Candidate for PM-11 

V.- Candidate for Vertical Installation 
h. " horizontal Installation 
V - vertical Installation 
e - Elliptical Shuttle Orbit 
* - From Volume III, Table 4-'II 


0^-9 
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PAYLOAD 

GROUP 

NO. 


TABLE 6 

SCENARIO DESCRIPTION 
EXISTING/ PLANNED SCENARIO E-3 


PAYLOADS 


PAYLOAD 

IDENTIFICATION m 
NUMBERS * ^ 


12 

13,1^,15 


21,32,33,3^ |M 

M 


2 

10 M 


23 M 

18,25,29-31, 
35-39 M 


19,42 

22,28,44,46 


3 

45 


LAUNCH MODE 


NUMBER MQDS-l MQDE-2 M0DE--3 IMODE 
OP INTEG OMS QMS 

PA.YLOADS OMS 1 1-KIT 

KIT +SSUSD 


le,i 


lOe ,i 


w 


MODE- 5 IMODE- 


CO 


47,51,50 

IT 


TOTAL 


4e 


2 e,i 


4v,e,i 


3e 


CODE M - MMS Payload, Caxididate for PM-11. 

V - Candidate for Vertical Installation, 
h - horizontal Installation 

V - vertical Installation 

e - Elliptical Shuttle Orbit 
i - Shuttle Launch at Payload Inclination 
* “ From Volume III, Table 4-II 
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TABLE 6 

SCENARIO DESCRIPTION 
EKISTING/PLAJJNED SCENARIO E-4 


PAYLOAD 

GROUP 

NO. 


PAYLOADS 


PAYLOAD NUf'ffiER 

IDEiNTIFICATION w OF 


LAUNCH MODE 


OMS TRS TRS 


M0DE-i]S0DE-2 lMODZ-3 !‘-.:CDF-ii IMODE-5 


Nl]^ffiERS 


INTEG 


o PAYLOADS 


SUS-D 


KIT TANK 


SCOUT 

ELV 


13. lA. 1 


21, 32, 33, 34 I M 
M 


9-3L35-39 


19, 42 

22, 23, 4U, U6 


3 


47 , 51, 50 


TOTAL 


M - MMS Payload, Candidate for PM-11 

V - Candidate for Vertical. Installation 
h - horizontal Installation 

V “ vertical Installation 

e - Elliptical Shuttle Orhit 
* - From Volume III, Table 4 -II 
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TABLE 6 

SCENARIO DESCRIPTION 
EXISTING/PIANNED scenario 



CODE M - MMS Payload, Candidate for PM-11. 

V - Candidate for Vert!.cal Installation, 
h - horizontal Installation 

V - vertical Installation 

e - Elliptical Shuttle Orbit 
i - Shuttle Launch at Payload Inclination 
* - From Volume III, Table 4 -II 
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T,\BLE 6 

SCENAPIO DESCRIPTION 
COMBINATION SCENARIO C-1 



CODE M - MMS Payload, Candidate for Pl^-11 

y_- Candidate for Vertical Installation 
h “ horiztonal Installation 
V - vertical Installation 
« - BVom Volume III, Table- i+-II 


































































SGENAEIO DESCHIPTIOK 

COMBINATION NEW AND EXISTING/PLANNED SCENARIO C-2 


PAYLOADS 

LAUNCH MODE 

PAYLOAD 

PAYLOAD 


NUMBER 

MODE-1 

MODE-2 

MODE-3 

MODE-4 

MODE-5 

MODE-6 

GROUP 

IDENTIFICATION 


OF 

INTEG 

4 TA^^< 

8 TANK 

4 TANK 

cpniTT 


NO. 

NUMBERS * 

a 

PAYLOADS 

OMS 

BIPROP 

BIPROF 

BIPROP 

OV,iwU L 









VERT. 



1 

12 


6 

6 






2 

13, Ih, 15 


10 

10 






3 

27 


3 


3 





k 

k3 


1 


1 





5 

21, 32, 33, 3h 

M 

10 



10 




6 

11 

H’ 

1 


1 





7 

2 


4 


4 





8 

10 

M 

4 


4 





9 

23 

M 

3 


3 





10 

18,25, 29-3L35-39 

M 

18 


18 





11 

19, h2 


3 


3 





12 

22, 28 , l+i+, k6 


19 


19 





13 

3 


2 



2 




lU 

h5 


12 


12 





15 

7, 8 


3 


3 





l6 

5, 2k 

V 

k 




4v 



17 

k 


3 


3 





18 

6. iiO 

V 

4 




4v 



19 

16 


1 


1 





20 

kl 

V 

3 




3v 



21 

1 


1 


1 





22 

9 


1 



1 



. . .... 

23 

20 

V 

1 




Iv 



2k 

52 

v_ 

1 




Iv 



25 

52 


3 





3 


■ 26 

kS 

V 

1 





1 


27 

ks 

V 

1 





1 


28 

53 

V 

2 



- 


2 


29 

1^7, 51, 50 

V 

3 





3 


30 

17 

V 

1 




Iv 



TOTAL 



129 

16 

76 

13 

14 

10 

- 


CODE M - MMS Payload* Candidate for FM-11 

y_-_ Candidate for Vertical Installation 
h - horizontal Installation 
_ . . V - vertical Installation 

* - From Volume III, Table- i^-II 


C-100 




mfWffcrflliiiKlj'iiilfiilii 
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TABLE 6;. 

SCENARIO DESCRIPTION 
COMBINATION SCENARIO C-3 



CODE M - MI43 Payload > Candidate for IM-11 

, V_-_ Cj^didate for Vertical Installation 


h - Horizontal Installation 
V - Vertical Installation 
* - From Volume III, Table i+-II 


i 

t 


C-101 
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TABLE $. ■ 

SCENARIO DESCRIPTION 
COMBINATION SCENARIO C-l| 



Code M - MMS Payload, Candidate for Hf-11 

V_- Candidate for Vertical Installation 
h - horizontal Installation 
V - vertical Installation . ■ 

* - From Volume III, Table ^-II 
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TABLE 7 


SCOUT ELV AHD STB LAUNCH COSTS 
REFER TO 'VOLUME IV, TABLE XXIV 

Examples of the launch cost huild up for payloads 47 s San Marco Dm and 52, 
Transit are as follows: 

o Payload 47, San Marco 

Orhit = 27,000/420 Km at 2.90® inclination 

- Scout launch cost from paragraph 7. 2. 2. 4 

San Marco launch cost (Italian Payload) = $3*82M 

Annual Program Maintenance Cost divided "by 3 launches 

in 1980 - 4.811/3 = $1.6om 

. Total Cost $5.42M 

- STS/SSUS-D launch cost from paragraph 7. 2. 1.6, paragraph 7 *2. 4,1 and 

References 10 and 39 (1980 - I982) 

1. Shuttle to 28.5® inclination circular orbit at 296 Km with 
shared flight payloads. 

Launch all payloads except San Marco Dm/SSUS-D 

2. Shuttle to elliptical orbit with apogee at 420 Ion. Launch 
SSUS-D with San Marco Dm from vertical cradle 

3. Fire SSUS-D at 420 Kjjj apogee. SSUS-D makes plane change from 
28.5° to 2.9® and increases payload apogee to 27,000 Kin. Energy 
management hy selective latitude firing of SSUS-D 

SSUS-D Vertical Installation bay length = 2.18M (7.15 Ft) 

Cargo bay payload clearance = .I5M (.5 Ft) 

STS Load Factor is length critical 

Load Factor = 2.l8m + .15^1 _ ^ 

18.288m “ .1274 
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Table 7 (Cont’d) 


STS User Charge 


.127^ X 21 >634 

.75 


$3.71M 


STS Uon-Standard Orbit Charge = ,20M 

SSU3-D Stage Cost = 2.43M 
SSUS-D Mission Oriented Analysis = .75M 
SSUS-D Launch Oriented Services = 


Total Cost = $7. 54 m 


o Payload, 52 Transit ‘ 

Orbit = 1000/1000 Kin at 90® Inclination 
- Scout Launch Cost = 1980 " 1982 

Vandenberg Launch Cost 
- $3,8 2M X 3 Launches = $11.46 m 


Annual Program Maintenance; 
For 1980 - 4.811/3 payloads 
For 1981 “ 4.811/3 payloads 
For 1902 = 4.811/4 payloads 
Total Cost 


= $1,60M 

= $1,60M 

= $1.20M 

= $15 .86m 


- Scout Launch Cost - 1983 

Vandenberg Launch Cost = $3.82M 

Annual Program Maintenance: 
for 1933 = 4.811/1 payload = $4.8l 
Total Cost =$03M 


- STS/SSUS.-D Launch - I980 - 1982 


1. Shuttle to 56° inclination circular orbit at 296 Km ■with 

shared flight payloads. Launch all payloads except Trans it /SSUS-D 

2. Shuttle to elliptical orbit with apogee at 1000 Km. Launch 
Transit/SSUS-D . 

3. Fire SSUS-D at 1000 Kin apogee. SSUS-D makes plane change from 
56® to 90® and circularizes the orbit. Energy management by 
selective latitude firing of SSUS-D to produce inclination and 
nodal change. 
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Table T {Cont'd} 


STS/SSUS-D Launch - 1983 

1. Shuttle to 90° inclination circular orbit at 296 km with shared 
flight payloads. Launch all payloads except Transit/SSUS-D. 

2. Shuttle to elliptical orbit with apogee at 1000 km. Launch Transit/ 
SSUS-D. 

3. Fire SSUS-D at 1000 km apogee. SSUS-D circulariaes the orbit. 
Energy management by selective latitude firing of SSUS-D to produce 
nodal change. 



Installed 

Installed 


Weight 

* Length 

SSUS-D 

1869 kg 



Transit Payload 

200 kg 

1.5 la X . 

,8 m - vertical 

ASE 

1021 kg 

2.18 

m - vertical 

Clearance 


.15 

m 

Total 

3090 kg 

2.33 m 

STS-Load Factor 

3090 kg 

2.33 

— -| p7')i 

56° Inclination 

25855 kg 

.1195 i8,28§ 

m 

STS-Load Factor 
98° Inclination 

3090 kg 
16763 kg 

= .181+1 Same as Above 

Years 


1980-1982 

1983 

Number of Payloads 


3 

1 

Launch Inclination 


56° Note (} ) 

90° Note (1) 

STS Load Factor 


(length) 

.l84l (weight) 

STS User Charge 


$11.13M 

$5 . 36m 

STS Non-Standard Orbit 

Charge 

$ .6OM 

$ .20M 

SSUS-D Stage Cost 


$ 7.T9M 

$2,43M 

SSUS-D Mission Oriented An^ilysis 

$ .T5M 

$ .T5M 

SSUS-D Launch Oriented Analysis 

$ 1.35M 

$ .45M 

Total 

Cost 

$21.12M 

$9.19M 


NOIEE: (1) The lack of payloads for shared flights each year from 56° 
inclination makes the 198O-I982 shared flight costs 
optimistic, (Refer to Volume IV, Table 8-1) The six 
■TOR launches in 1983» the majority of which are at 98° 
inclination, make the 1983 costs more probable. 
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Table 7 (Cont'd) 


- STS-LES Lamcli - 1983 



Weifdit 


Length 

2 tank Bipropellant 

879 kg 


.9 m 

Transit Payload 

200 kg 


1.5 HI 3C , 

ASE 

946 kg 



Clearance 



.15 m 

Total 

2025 kg 


1.05 m 

Load Factor 

2025 kg _ 

.1207 

1.05 m 

90° Inclination 

16783 kg 

18, 288m 

.1207 

User Charge ® 

X 21.834 
.75 

« 3.51 ' 


Unit Cost 


= 1.77 


Operations - Unit 


= .3107 


Operations - Annual = 

$2.315M/8 

.2891* 



LJS - Developmeat - Prorated = 

$26,1M/103 


,233k 


Total Cost 


$6.13M 


(vertical) 

9 m (vertical) 


= .0574 
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• TABLE 7 (OGNT'D) 


SCOUT LAUNCH COSTS 

(MILLIOfJS OF 1977 DOLLARS) 


PAYLOAD 

NO. 


MISSION NAME 


PRIOR TO'Tjtr Operation 


“§0 


SCHEDULE 


w 


PM 

TOTAL 


SCOUT UNIT COST 


■w 


SNT 


A 5 ST6 


TOTAL. 




PM 

ALLOC 


SCOUT 

UNIT 


TOTAL 


47 


SAN MARCO D 


M 


1 


1.6 


3.82 


5.42 


43 


49 


SAN MARCO D. 


SOLAR MESOSPHERE EXP. 


1.6 


3.82 


5.42 


1.6 


3.82 


5.42 


a 

I 

o 

-.1 


50 


51 


52 


AMPTH A 


AMPTE B 


TRANSIT 


1,6 


4 , 82*1 


.50 


6.92 


1.2 


4.82H 


.50 


6.52 


4.4 


3.82 


15.86 


4.81 


3.82 


8.63 


53 


CANADIAN SCIENTIFIC 


2.4 


3.82 


10.04 


I TOTAL 


55.60 


UNIT PROGRAM MAINTENANCE 
ALLOCATION (ANNUAL = $4.81H) 


1.6 


1.6 


1.2 


8.63 


*NON ITALIAN CHARGE FOR SAN MARCO LAUNCH IS $1.0M 













C-108 


TABLE 7 (CONT’B) 

STS LAUNCH COSTS - SCOUT CLASS PAYLOADS 
(PRIOR TO MTR OPERATION J 


NOTES: e COSTS IN MILLIONS OP 1^7T DOI 

« LBNOTHS AND DIAME2ERS IN METE 
9 ORBIT ALTITUDES IN KILOMETERS 
9 WEIGHTS IN KILO®AMS 


SCOUT CLASS PAYLOADS SCHEDULE 


PAYLOAD NO. 

MISSION NAME 

1 SCHEDULE 1 

80 

8l 

82 


San Marco Dqx 

1 



1^8 

San March D^ 

1 



49 

Solar Mesosphere Exp. 


1 


50 

AMPTE A 



1 


51 

AMPTE B 




1 

52 

TRANSIT 


1 

1 

1 

53 

Catiadian. Scientific j 



2 


TOTAL 

3 

3 

4 



STS LAUNCH COST BUILD-UP SUMMARY 1 

P/L 

1 PAYLOAD 

1 SHUTTLE 

USER 

NON STD. 


TOTAL 

NO. 

ORBIT 

INCL. 

L/D 

WEIGHT 

ORBIT 

INCL. 

CAPABILITY 

CHARGE 

ORBIT CHG. 


COSTS 

47 

27000/420 

2.9 

1.5 X .8 

6 o 

420/296 

28.5 

29484 

3.71 

.2 

3.63 

7.54 

48 

800/230 

2.9 

1.5 X ,8 

200 

296/230 

28.5 

29484 

3.71 

.2 

3.63 

7.54 

49 

500/500 

9T 

1.5 X .8 

165 

500/296 

56 

27442 

6.97 

.2 

4.84 

12.01 

50 

20re/200 

2.9 

1.5 X .8 

60 

296/200 

28,5 

29484 

3.71 

.2 

3.63 

7.54 

51 

8re/200 

2.9 

1.5 X .8 

60 

296/200 

28.5 

29484 

3.71 

.2 

3.63 

7.54 

52 

1000/1000 

90 

1.5 X .8 

200 

1000/296 

56 

24330 

11.13 

.6 

9.39 

21.12 

53 


90 

1.5 X .8 

145 

550/296 

56 

27215 

7.42 

.4 

6.51 

14.33 









- 


TOTAL 

74.03 


1 STA^GE ^D PAMAD LOAD FACTO^ 

[ STAGE COST BUILD-UP~SUM 

MARY 





STAGE+PAYLOATH- 

! 





1 



P/L 

STS 

STAGE 

ASE+CLEARANCE 

LOAD FACTOR 

STAGE 

MISSION 

LAUNCH 


NO. 

UPPER STAGE 

LENGTH 

WEIGHT 

LENGTH 

WEIGHT 

LENGTH 

WEIGHT 

UNIT COST 

ANALYSIS 

ANALYSIS 

TOTAL COST 

47 

SSUS-D 

2.18 

1869 

2.33 

2950 

.127 

.100 

2.426 

.75 

.45 

3.63 

48 

SSUS-D 

2.18 

1869 

2.33 

3090 

.127 

.105 

2.426 





3.63 

49 

SSUS-A 

2.73 

3770 

4.38 

5659 

.239 

.206 

3.639 





4.84 

50 

SSUS-D 

2.18 

1869 

2.33 

2950 

.127 

.100 

2.426 





3.63 

51 

SSUS-D 

2.18 

1869 

2.33 

2950 

,127 

.100 

2.426 





3.63 

52 

SSUS-D 

2.18 

1869 

2.33 

3090 

.127 

.127 

2.426 


f 

j 


9.39 


SSUfa-D 

2.18 

1869 

2.33 

3035 

.127 

.112 

2.426 

.75 

.45 

6,51 
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TABLE 7 (CONCLUDED) 

STS LAUNCH COSTS - SCOUT CLASS PAYLOADS 
(AFTER WTR OPERATION) 


PAYLOAD NO. 

MISSION NAME 

SCHEDULE 

83 

52 

TRANSIT 

1 


1 STS LAUNCH COST BUILD-UP SUMMARY \ 

P/L 

NO. 

PAYLOAD 

SHUTTLE 

USER 

CHAR®: 

DDT&E 

AMORTIZED 

STA® 

COSTS 

TOTAL 

COSTS 

ORBIT 

IKCL. 

II IT — 

WEIGHT 

ORBIT 

INCL. 

CAPABILITY 

52 

1000/1000 

90° 

1.5 3c .8 



200 



296/296 

90 ° 

16783 

3.51 

.25 

2.37 

6.13 


1 STAGE AND PAYLOAD LOAD FACTORS 1 

STA® COST BUILD-UP SUMMARY ! 

P/L 

NO. 

STS 

UPPER STA® 

STAGE 

STAGE+PAYLOAIrt' 

ASE+CLEARAN® 

LOAD FACTOR 

STAGE 
UNIT COST 

OPERATIONS 

COSTS 

mmm 

LENGTH 

WEIGHT 

LENGTH 

WEIGHT 

LENGTH 

WEIGHT 

UNIT 

i ANNUAL 

52 

LES 

1.7 

878 

1.85 

2025 

.101 

.121 



1.77 

.31 

. 29 * 

2.37 


Based on $2*315M Anniial Operations Cost and 8 Launches in 1993 


NOTES: • COSTS IK MILLIONS OF 1977 DOLLARS 

• LENGTHS AND DIAMETERS IN METERS 
« ORBIT ALTITUDES IN KILOMETERS 

• WEIGHTS IN KILOGRAMS 
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^BLE 8 

LUTEDIU Les ASE cradle 
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4»c> 

" 
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4.fc '' 

3.353 “ 

5.353 ” 

5.552. " 

3.353 " 
3.353 ” 
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4.0 '■ 
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TABLE 8 (CONCLUDED) 


TRS INSTALLED LENGTH-TRS V/S LES ASE 


PAGE 2 of 2 


PA V LOAD 


PAVLOAD 


NGW CRADLE OR \ 

STAT<DARD PALLET—^ 

TRS CRADLE-^ 

^LES 

> CRADLE- 



Aje. TRS CRADLE 

= A-" 




CLEARANCE BETWEEN 
TRS CRADLE £ PAYLOAD 

= 6" 




ALENGTR SAVING TO TRS 
FOR USE OF LES CRADLE 

= fo" 









TABLE 9 


CENARIO COSTS 


SCENARIO NO.lB-ll E-2 OR C-2 INTEGRAL OMS 



KOTEG: (l) Shuttle Usier Charw = L/F i .75 x 21.034 x No, Puylourlc 
(2) Installed StaGe V, '(light = Stage Kei^ht + ASE Weight 
t3) Stage + ASE length 

(4) Stage + P/L Length + .15 i 10.208 

(5) Stnge Wt + P/L Wt + Allowable Cargo Vt 
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TABLE 9 (COMT'D) 


REVISION A 


SCENARIO COSTS 

SCENARIO NO. E-l LAUNCH, PM-II 


PAYLOAD 

IDMTIFICATIOK 

NUMBERS 


12 

13 , 14,15 


INSTALLED 

LEMGTH-M 


INSTALLED 

WEIGKT-KG 


NO. OF 
CODS P/L'S 


(4) 

C5) 

L/P 

L/F 

LENGTH 

WEIGHT 


(l) SHUTTLE 
USER CHARGE - $M 



21,32,33,34 

11 


.309 

.155 

10.092 

.375 

.331 

.167 

.282 

7.569 

45.4 i 6 





■■■■■■I 
■ 

■ 


* 17 , 51,50 

17 


TOTAL 


NOTES; (l) Shuttle User Chftrpe = L/F t .75 x 21.Q34 x No. Pb^loafis 
{ 2 ) IiistolLed Stage Weight = Stage Weight + ASS Weight 

( 3 ) Stage + ASE Length 

(4) Stage + P/L Length + .15 t 18.288 

( 5 ) Stage Wt + P/L Wt i A1 lovable Cargo Wt 
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TABLE 9 (CONT’D) 


PAyi.OAD 

P/I» GROUP I IDEHTIFICAIIOH 
NUMBERS 


SCENARIO COSTS 
SCENARIO NO, E-1 LAUNCH, 


INSTALLED 

VEIGilT-KG 


TRS 2-'] 


(4) 

(5) 

L/P 

L/P 

LENGTH 

WEIGHT 


(1) SHUTTLE 
USER CHARGE - $M 



3.502 

I " ■ ■ 

1.369 

4.S91 

309.557 

! 347.773 

1657.330 

1 


HOTSa; (a) Shuttle User Charge = L/F t .75 x 21. x No. Pojrloadfl 
{2) Installed Stage Weight => Stage Weight + ABE Flight 

( 3 ) Stage + ASE Length 

(4) Stage + P/L Length + .15 ♦ 18.288 

(5) Stage Wt + P/L Wt ♦ Allovahlo Cargo Kt 

' . ( ... - 1 
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TABIE 9 (COMT»D) 


^SCENARIO COSTS 
SCENARIO NO,^-BOR E-2 LAUNCH, 


TRS 4 -TANK 


PAYLOAD 

P/L GROUP IDETJTIFICATIOIi 
MO. MUMBERS 



MOTES! (1) Shuttle User ChaxEe = L/P i ,T5 x 21.834 X No. Payloads 

(2) Installed Stage Weight = Stage Weight + ASE Weight 

(3) Stage + ASE Length 

(4) Stage + P/L Length + .15 ♦ 18.263 

(5) Stage Wfc t P/L Wt t Allowable Cargo 
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TABIiE 9 (COHT'D) 


REVISION (A) 


SCENARIO COSTS 

SCENARIO NO. E“2 OR E-3, SCOUT 


PmOAD 

CODE; 

1 HO. OP : 

INSTALLED 

LENGTH-M 

INSTALLED 

WEIGHT-KG 

: (4) 

(5) 

IDSKTIFICATIQN 


l/f 

L/F 

NUI®ERS 

iSia&H 

LENGTH 

WEIGHT 



(1) SHUTTLE 
USER CHARGE - 



MOTES: (1) Shuttle User Charce = L/F i J5 J*- 21.83*« x No. Payloads 

( 2 ) Installed Ftac® l^'eieht = Gtace KeifiPit + ASE V/eiaht 

( 3 ) Insta.U.ed Stace Len[:‘'-li Stnee with ASE Length 

(1<) Installed State Lancth + Installed P/L Length + .15 ! 16.288 

( 5 ) Installed Stage Wt + Jnstalied I’/L VJt ^ Mlowable Carf.o Wt 
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TABIS 9 (COWT'D) 


t- 


SCENARIO COSTS 


SCENARIO NQ.^^ OR E-2 LAUNCH, SSUS-D + INTEGRAL OMS 


P/L GROUP 
HO. 

PAYLOAD 

IDENTlFICATIOH 

NUMBERS 

CODE 

HO. OF 
P/L»S 

SnSSsiSm 

INSTALLED 

UEIGHT-KG 

(4) 

L/F 

LENGTH 

(5) 

L/P 

WEIGHT 

(1) SHUTTLE 
USER CHARGE - $M 

PPI 

m 

msm 

IB 

STAGE 

wsjkism 

TOTAL 

1 

12 


6 



HHi 

■ 






2 

13.14,15 


10 



lllllli 

H 






3 

27 

■ 

3 

B| 


BH 

■ 






b 

43 


1 




■1 






5 

21.32,33,34 

M 

Efl 

H 









6 

11 

M 

HB 










7 

2 


■fl 




IB 






8 

10 

M 

HB 










9 

23 

M 

3 



nn 

■ 


j|B| 




10 

18,25,29-31,35-39 

M 

18 




■ 






n 

19,42 


3 



nil 

n 






12 

22,28,44,46 

■ 

19 



fli 







B 

3 


2 

.38<^ 

1.8 

2776 

1000 

.127 

.137 

5.867 

2.113 

7.980 

EBi 

45 

■ 

12 













3 


B 

■■ 

IjH 








B 

4 


B 

HH 

■ 






n 

4 

B 

3 




mi 






IbH 

6,4o 

B 

4 


B 








19 

16 

B 

1 

11 

B 


■ 






20 

4l 

n 

3 


B 


HH 



. 



21 

1 

B 











22 

9 

B 


2.75 

3.0 

3478 

300 

.323 

-225 

4.497 

4.895 

9.392 

23 

20 

B 

— 




■ 






2b 

52 

B 

BR 


HI 


■ 



















25 

52 

■ 

3 


■ 








26 

48 

B 

1 

IBI 


Bi 

m 



llllll 



27 

49 

B 

1 

HB 

B 

■H 

H 






28 

53 

n 

2 

HB 

B: 

■ 







29 

47,51,50 

B 

3 

■HU 

B 

H 

BI 






30 

17 

B: 

1 


B 









TOTAL 


3 



B 




10.364 

7.008 

17.372 


notes: (1) 
( 2 ) 
(3) 
ih) 
(>) 


Shuttle User Choree = L/F t .75 x Sl,83*» x Ho. Payloads 
Installed Stage Weight = Stage Weight + ASE Weight 
Installed Stage Length “ Stage with ASB Length 
Installed Stage Length + Installed P/L Length + .15 ^ l8.286 
Installed Stage Wt + Installed P/L Vft i' Allovuhle Cargo V?t 

/ 


Vertical Installatitn = 
(stage Installed Length 
- P/L Uiameter) 
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TABLE 9 (COHT'D) 



NOTiltii (l) L'hiit-tlr. Clidrt'.o = L/F i .75 x x Ko, Pt.yloi'Cln 

JririLiilj Vfrjifiiif, - r-Latu Wfrif'jiL + Af.F V/cl^Jit 

(3) IUn«‘ + A^E 

n«) r:tcr'^ + p/l + .15 <■ lO.POC 

( 5 ) u(,£i;^' KL -f r/li 17U * Al.l<jVablc Cvrp.o 1,'t 
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TABIE 9 (COIIT»D) 


SCENARIO COSTS 

' SCENARIO NO. E-2 LAUNCH, TRS 2-TANK 


P/L GROUP 
HO. 

PAXLOAD 

TDEHTIFICATIOK 

NUMBERS 

CODE 

NO. OF 
P/L’B 

INSTALLED 

LMGTH-fl 

INSTALjJSD 

HEICHT-KG 

(4) 

L/F 

LENGTH 

(5) 

L/P 

VEIGHT 

(1) SHUTTLE 
USER CHARGE - 

■SB 

in 

■SI 


STAGE 


TOTAL 

1 

12 

■ 

6 

n 



■ 




bih 


2 

13,14*15 

■ 

10 



llllf 

■ 




lli 


3 

27 

■ 

3 


3,6 


B 

,322 

.300 

BB 


28.080 

It 

43 


1 


9.0 


Hi 

.617 

.498 

bBS 


17,956 

5 

21,38,33,34 

M 

10 

g| 

■ 

null 

■ 


lllll 

im 

mmm 


6 

11 

M 

1 










T 

8 


n 

mm 

m 

4054 

2270 

.376 

.215 

l4.o4o 

29.768 


S 

10 

M 

DH 

2.13 

EEI 

4054 

2047 

.343 

.207 

l4.o4o 

25.947 

39.907 

9 

23 

M 

3 

2.13 

5.2 

4054 

1600 

.409 

.226 

10.530 

25.191 

35,721 

10 

16,25,29-31,35-39 

M 

18 

2.13 

4.4 

4054 

1700 

.365 

,384 

l4i.9l7 

59.511 

201.428 

11 

19,4a 


3 

2.13 

4,2 

4054 

i48a 

,354 

.370 

23.652 

8.647 

32,299 

3.2 

22,86,44,46 


19 

2.13 

6.7 

4054 

1150 

.491 

.348 

66.690 

204.913 

271,603 

13 

3 



2.13 

1.0 

4C54 

1000 

,179 

.171 

21.019 

10.247 

31.266 

lit 

45 


12 Is 

2.13 

1.0 

4054 

1000 

.179 

.338 

47,357 

11.662 

59.039 

15 

7.6 


3 

2.13 

3.6 

4054 

910 

.322 

.296 

10.530 

17,550 

28.080 

16 

5,84 

V 

4 

2.13 

2.8 

4054 

836 

.278 

.327 

31.512 

6.490 

38.010 

17 

4 


3 

2,13 

2.9 

4054 

816 

.283 

.325 

23.626 

4.756 

28.364 

18 

6,4o 

V 

4 

2.13 

1.7 

4054 

54o 

.216 

.274 

26.128 

3.747 

31.875 

19 

16 


1 

2.13 

4.3 

4054 

454 

.360 

.174 

3.510 

6.964 

10.474 

20 

4l 

V 

3 

2.13 

1.5 

4054 

4 00 

.207 

.151 

10.346 

7.533 

I&.079 

21 

1 


1 

2.13 

0.9 

4054 

310 

.174 

.146 

. 3.512 

1,553 

5.065 

22 

9 


1 










23 

20 

V 

1 

2.13 

0.9 

4054 

270 

.174 

,289 

7.888 

,525 

8.413 

24 

52 

V 

1 










25 

52 


3 






— 




2$ 

48 

V 

1 










2T 

49 

V 

1 










26 

53 

V 

2 










29 

47,51,50 

V 

3 










30 

17 

V 

1 

2.13 

0.8 

3646 

• 60 

.168 

.151 

3,502 

1.369 

4.691 


Tom 


88 







476.041 

456.417 

934.458 


NOTES: (l) Shuttle User Charge = L/F i- .75 ^ 21.03U x Ho. Payloads 
is) Installed Staee Weieht - Stage Weight + ASE Height 

( 3 ) Stage + ASE Length 

(4) Stage + P/L Length + .15 * I 8 . 28 S 

( 5 ) Stage Wfc + P/L Wt t Allowable Ccre» Hfc 

/ 


C-119 





























TABLE 9 (COWT'D) 


SCENARIO COSTS 

SCENARIO NO. E-1 OR LAUNCH, 


TRS 4 "TANK 



NOTES: (1) Shuttle User Charge = L/F i .73 x 21. 631* x No. Puy-loadB 

(2) Installed Stage Weight = Stage Weight + ASE Vfelght 

(3) Stage + ASE Length 

(Jt) Stage + P/L Length + .15 1 18-288 
(5) Stage Wt + P/L Wt ♦ Allovable Cargo Mt 


C-120 


























































TABLE 9 (CONT'D) 


REVISION (A) 


SCENARIO COSTS 

SCENARIO NO, E-1, OR E-3, SCOUT 






















































tPABIE 9 (CONO?’D) 


SCENARIO COSTS 

SCENARIO NO, E-1 Or(e-^ LAUNCH, SSUS-D + INTEGRAL OMS 





MOTES: (l) Shuttle User Charge = L/F ^ .75 x 21,834 x Mo, Payloads 
£ 2 ) Installed Stage Weight = Stage Weight + ASE Weight 

( 3 ) Installed Stage Length = Stage with A5E Length 

(4) Installed Stage Length + Installed P/L Length + ,15 t 18,268 

(5) Installed Stage Ht + Installed P/L Wt r Allowable Cargo \!t 

/ 


Vertical In stall at icn = 
(stage Installed Length 
- P/L Diameter) 


C-122 
































































TABLE 9 (COWT'D) 


SCENARIO COSTS 

SCENARIO NO. E-3 LAUNCH, INTEGRAL OMS 


(l) SHUTTLE 
USER CiiARGE - $M 



(J) L^huttJo U'v.-r Ciicrtiv = ],!>■ : -T^ x 21. G?.!) x i!o. P&vloacs 

{:■?) A.;r. uci^-.u 

(3) Lpr.t:th 

(!.) L I'/L ^ 

(5) AJ.-E Wt + 1 /J. WL V j liowfirOf Ctuv’.o V't, 







































































































TABLE 9 (CONT’D) 


SCENARIO COSTS 

SCENARIO NO. E-3 LAUNCH, OMS - 1 KIT 



17 


MOTIS: (l) Ghuttlc User Cr,£ii'{-.t = L/F i .75 x 21,831 x Ho. I'f.yl^adG 

(2) Irifitfc?lcd r>ta.~c ~ Stage + ASF i/eirtit 

(3) InEtalied Stags':- LeafLh = ASF Lcarrth 

(4) Ir.fiialiei Gta/’c AeiirUh + Jr.£,tLijj ed :/L Lcncth + .1^ i iB.ZOS 

(5) InMallcd Slrsu Wt -* Inctaliec; I'/L it i Ailovulle Ct-irro V,t 

■»* IL-LJ.' 


6.557 1.273 9.630 

• on, £07 in.roc 511.6:3 

# 

Paj'load AiiF 


'Jj PAGE 

:"r . ^T^^T,r^y 


C-121+ 




























































































TABLE 9 (CONT'D) 


» 

SCENARIO COSTS 


SCENARIO NO. E-3 LAUNCH, OMS-1 KIT + SSUS-D 


PAILOAD 

IDENTIFICATIOH 

NUMBERS 

CODE 

1 

la 

■ 

6 


■ 

10 

S7 

■ 

3 

J 13 

Hi 

1 

21*32, 33,34 

H 

m 

11 

M 

HI 

2 


■ 

10 

M 

Hi 

23 

M 

3 

18,25 

M 

4 

42 

■ 

2 

22,28,44,46 j 

■ 

19 

3 


2 













m 

4.75 

10879 

1700 

.584 

.844 

74.059 

13,277 

67.336 

2.95 

2.75 

4.0 

10 B 79 

1523 

.543 

.829 

37.738 

IQ 

43.668 

2.75 

2.95 

6.7 

10879 

1150 

.690 

. 8 o 4 

372.309 


414.646 

m 

H 

10879 

1000 

.379 

. 79“5 

119.320 

11.684 

131.004 

2,75 

2.95 

2.8 

10679 

836 

.477 

.796 

80,723 

6.613 

67.336 

a. 95 
2.75 

2.9 

10879 

816 

.483 

.795 

60.661 

4.841 

65.502 



HOTIL: (1) Shuttle User Char^Te = L/F ^ ^75 x 21.83!j x TIo. fayloads KIT LEKCTii 

(2) Insti'ilfid Ftace V.’cic.ht = C-tare V.eirht + A:T. V.’sicht 

(3) IristallC'd UtiiCO! - Utare viU; ASE Ucncth 

(I4) Install cu Jtacfc L'juct.'i + InataUed P/L Length + .15 ■: l3,2fi8 

(5) Instdlied EtLjje Wt + InstallLtI P/L Wb i Allcvahlc Car/io Ut 



C-125 
























































































TABLE 9 ( COHT'I)) 


SCBNAiaO COSTS 

SCENARIO NO. E-3 LAUNCH, INTEGRAL OMS + t.,"JS-D 



li'OTES; {l) Shuttle User Chgri;c = L/F i .75 x 52.83^* x Fd. iVyloads 
(£) In£tf,lltJ E-Qf;c Wijjfiit - Stc.c,e V.‘sir:i:t + AUE V.‘e5rljt 
( 3 ) Iristulled Etusc Lsfh’Lh “ Ztv.rX- viti; ASE Leuolh 
(!i) Inr.tfilj.ci Lcn-^th + L'.i^tfiiied 1/L Lcr.jth + .15 ^ J 0.288 

(5) iDStalled Stocc 'I't ^ Installed. I/L Ut '• Allaffible ’■■’t 


C-I26 






























































HOTfjr,: (1) UliuUlc U. 1 C 1 ' ClixTce = L/F v ,T5 x 21.83>i x Ifc. P/:yload3 
(3) l 2 i:;tttJled "tLV'.o VoipJ'.t = StacG Weight + V.'eir^ht 
(3) Ir.stLtlleCi ota; (■ l.<;net.Ji = Kto ',0 vith ArS Lciu,;t,li 
(It) Jni.tivilec f;tGrc! L-i:[;vn + IrvoliUJcti i'/L Lrr.rch + .15 J lS.;588 

i'j) liuitallod .jlaf'f; lit + lii3tc.llc.d P/L V.'t f Aljcwalile ‘"t 4 'LiC> V.'t 


C-127 




















































0?ABLE 9 (CONT*d) 


[ : 

S ' 
I 



H03SS: (l) rhuttle Cjir..rp:e =* L/F t .75 x. 21iG'j4 x Ifo. Puyloodx) 
(2) liifitiillcd Gtf./ V/cicJit = Stage V^'eight + ASii’ Vt'eigVtU 
(3} El Q.gc + J\L,li 

(( 4 ) Stage + P/L I.sn[ th + .15 + lQ.288 
(5) Stage Wt + P/I. V.ft + AlJovable Corflo Wt 


C-128 


























































TABLE 9 (CONT'D)' 


*415 KG PROPELLANT OFF LOAD 


SCENARIO COSTS 

SCENARIO NO. C-2 LAUNCH. 4 TANK BIPROP 


P/L GROUP 
NO. 

PAILOAD 

IDEHTIFICATION 

NUMBERS 

CODE 

ISsBI 

INSTALLED 

LENGTil-M 

INSTALLED 

WEIGHl'-KG 

(4) 

(5) 

L/F 

HEIGHT 

1 (1) SHUTTLE 1 

USER CHARGE - $M 

EPI 

P/L 

■Bl 

P/L 

L/F 

LENGTH 

STAGE 

P/L 

TOTAL 

1 

12 

■ 

6 

■■1 

B 

■ 

■ 

■■n 





2 

13,14,15 

■ 

10 


■ 

■ 

■ 






3 

27 

■ 

3 

.77 

3.6 


n 

WSM 



17.550 

21.585 

k 

43 

■ 

1 

.77 

9.0 


^^9 

n 


IB 

14.446 

15.791 

5 

21.32,33,34 

M 











6 

11 

M 


,77 

5.0 

2686 

2400 

.324 

.196 

1.345 

8.079 

9.424 

7 

2 


4 

.77 

la,6 

WBB 


.302 

.154 

5.380 

29,768 

35.148 

8 

10 

M 

4 

.77 

4.0 



.269 

.146 

5.380 

25.947 

31.327 

9 

23 

M 

3 

.77 

5.2 


B 

.335 

.157 

4.035 

25.191 

29.226 

10 

18,25.29-31,35-39 

M 

18 

.77 

4.4 

B9 

HI 

.291 

.265 

24.212 

126.225 

152.437 

El 

19,42 

■ 

3 

,77 

4.2 

2271* 

1482 

.280 

.251 

4.035 

20.416 

bb 


22,28,44,46 


19 

.77 

6.7 

2564* 

1150 

.417 

.248 

25.557 

204.913 

BBBm 

n 

• 

3 

B 

^ 6 

.77 

1.0 

2271* 

1000 

.105 

.111 

13.454 

5.924 

19.378 


45 


12 6 

,77 

1.0 

2271* 

1000 

.105 

.219 

26.559 

11.694 

38.253 


7.8 

■ 

3 

.77 

3.6 

2271* 

910 

.247 

,190 

4.035 

17.550 

21.505 


5.24 

B 

4 











4 

■ 

3 

,77 

2.9 

2271* 

6l6 

.209 

.206 

4.035 

14.207 

16,242 


6,4o 

Dl 

4 










19 

16 

■ 

1 

.77 

HH 

2271* 

454 

.285 

.105 

1.345 

6.964 

8.309 

20 

4i 

B 

3 


B 











mhbBHH 










21 

1 

B 


.77 

.9 

2271* 

310 

.100 

.088 

1.345 

1.552 

2.647 

22 

9 


Bl 










23 

20 

B 

Hi 

■■ 

B 

■ 

■■ 






2J( 

52 

H 


Bl 

B 


H 






25 

52 

B 

3 

HH 

B 


B 






26 

48 

B 

1 

HHi 

B: 

H 

^9^ 






27 

49 

B 

1 

HH 

H 








28 

53 

B 

2 

HB 









29 

47,51,50 

B 

3 

■■ 

Bl 

■|B 

Bl 






30 

17 

B 

1 

Bl 

B 

IBI 

■1 







TOTAL 

B' 

76 

HB 

Bl 

■HI 

Bl 



126.097 

532.426 

658.523 


NOTES; (l) 
( 2 ) 
(3) 
(>0 
(5) 


Shuttle User Churce “ L/P * .75 x 21.83^ x Ho. Payloads 
Jnctallt'd Stage Weight = Stage Weight + AEE W'eight 
Installed Stage length = Stage vith ASE Length 
Installed Stage Iiength + JjiErtaJJed P/L Length + ,15 ■* 18.288 
Installed Stage Wt + Installed P/L Vft 4 Allowable Caa-go Wt 






9 
















































































































TABLE 9 (CONT'D) 


SCENARIO COSTS 

SCENARIO NO. C-2 LAUNCH, 8 TANK BIPROP 


PAILOAD 


IDENTIFICATION 


HUl-JBERS 

CODE 



INSTALLED 

length-m 



INSTALLED 

WEIGHT-KG 


(1) 

{5) 

L/F 

L/F 

LENGTH 

WEIGHT 


(1) SHUTTLE 
USER CHARGE - $M 


.77 

8.0 

3692 

3 I 00 

.I 488 

.1*31 

I 3 .I 5 I 

128. 5 I 3 

111. 991 


3600 

1000 

.119 

.176 

8.107 

2.252 

10.359 


.77 3.0 3fOO 300 ,2lU .232 


I49 

:?3 


1 * 7 , 51,50 

17 


TOT/1, 3 3 

IICTE3: (l) Shuttle User Ch.Mr£e = L/F -i .75 x 21.831 x llo. Peyloacs 
{?.) Innta.11cd Str.^ro ifeipht “ Ut^i,o Weight + ASL '..hir/i.L 
(3) Instii31cd LontrLh = Stf -iX' ALL’ !.■ iif Lii 

(1) Inctallcc + J.nntr..3:]ed V/h L'jjirlr. + .15 ^ ifi.sGO 

( 5 ) Inatallpd Sli.yc Vft, + Ir,^t tiled P/L ^ All ovjibJ c Curp.o It 



131.315 


C-130 





































































TABLE 9 (COWT'D) 


*415 KG PROPELLANT OFF LOAD 


SCENARIO COSTS 

SCENARIO MO. C-2 LAUNCH, 4 TANK BIPROP-VERTICAL 


P/L GROUP 
WO. 

PAYLOAD 

IDEMTIFICATION 

WUIffiERS 

CODE 

NO. OF 
P/L’S 

INSTALLED 

LEHGTH-M 

JWSTALLED 

WEIGHl’-KG 

(It) 

L/F 

LENGTH 

(5) 

L/F 

WEIGHT 

(1) SHUTTLE 
USER CJJARGE - $M 

IPI 

P/L 

■31 

■i 

STAGE 

wmaam 

TOTAL 

1 

12 

■ 

6 

gm 

■ 

m 

■ 






2 

13,l't.l3 

1 

10 

n 

■ 


H 






3 

27 

■ 

3 


B 

m 

1 







ij3 

H 

1 



IB! 







5 

21,32,33,3^ 

M 

mm 


■ 

■j 

■ 






6 

11 

H 



B 








7 

2 

■* 

n 


■ 

n 

■ 


• 




a 

10 

M 

HB 


B 








9 

23 

M 

3 










10 

16,25,29-31,35-39 

M 

18 










— 

I9,i*2 

■ 

3 










H 

22,28,!tlf,lj6 

■ 

19 










m 

3 

■ 

2 

■■ 










i\5 

H 

12 










mm 

7.0 

■ 

3 

HH 









B9H 

5,2l) 

B 

it 

■91 

1.5 

1825 « 

836 

.101 

.176 

ID 197 

6.503 

20.700 

17 

It 


3 










la 

6,t)0 

B 

Jt 

.ii 

1.3 

1625* 

5it0 

.101 

• ill 

12.G63 

3.71*7 

iG.ltlO 

19 

16 


1 










20 

ill 

B 

3 

*5 

1,2 

1B25* 

1;00 

,101 

.075 

3. loll 

5.731 

6.835 

21 

1 


■■ 

lllll 

■ 


■ 






22 

9 

B 


Bi 



■H 






23 

20 

B 

1 

.8 

1 

.9 

1829* 

270 

.101 

.Do 

3.51*9 

.525 

li.OTl* 

:h 

52 

n 

1 

.9 

.8 

J.825* 

200 

.101 

.121 

3..l6Ji 

.3117 

5-511 


52 



nn 










1.8 

B 











27 

1.9 

B 

1 










2a 

53 

B 

2 










29 

1*7,51,50 

V 

3 










30 

17 


1 

.9 

.8 

18:'/ 

60 

,301 

.078 

1.G71 

1-273 

2.9l.li 


TOTAL 









38.332 

16. DG 

56.1.58 


CD 

( 2 ) 

(3J 

(D 

(5) 


£,'h«\Ue User C'M.rre « I/F t .'(;i y. 21.i>3-t iio. 

Tnstu.lltrd Vta.(^6 + ASE '' 

Jnrttillcd Sir:;'.' vith AFE' Lencth 

Lci '-th + 3r.. taJ Ltd I’/L L^nr^t}' + .15 ^ lS.268 
InriLalleti L'taiie li't, + Jiic^al.lLd I'/L *i>l. r /illoir&bJ e Corf^o V.t 


(G) VerL'tf L ■.liista.llf.t ioi'i (Zi.sLallud Tl ' 
Leach'll ■■■ Stafje - Ptylcid u’-'tri' 














































































TABLE 9 (COKCLUDED) 


SCENARIO cos'rs 

SCENARIO NO, C-2 LAUNCH, SCOUT 


PAYLOAD 

P/L GROUP IDENTIFICATION 
NO. NUMBERS 


12 


INSTALLED 

LENGTH-M 


I HO. OF 
CODE! P/L'S 


INSTALLED 

IffilGirr-KG 


ih) : 

(5) 

L/F i 

L/F 

LENGTH 

HEIGHT 



(l) User CJ.t.rf'.e = L/F i .75 x 21.C3^i x No. I -.ly loads 

(2} StHf.c ” Stapc Vsiflit; + A2E Vioi^ht 

{3) Ins'll ailed l.Lri£rth = Sta^c i;irh ASS Len/^th 

(Ji) Inr Lnilc'd Elnyc I.cno*:n + In"': uiled P/L LenG^ii ^ 

{ 5 ) Jnst'illcd Vt + Tnstrlleil P/L WL * Allo\tnt;le CurG>> ''■'t/ 


C*132 


















































